PCT 



WORLD mTELLECTUAL PROPERTV ORGANIZATION 



(51) International Patent Classification ^ ; 




(11) Llfern 


itkNual PiibUcation Numbc 


ar; WO 99/22764 


A61K 39^95, C07K l<yOO, C12P 2W00 


Al 












itioiul FobUcatiaa Date; 


14 May 1999(14.05.99) 



(21) International Application : 

(22) bternatlonal WSag Date: 



PCn7US98ttl925 
leOctober 1998 (16.10.98) 



3 1 October 1997 (31.10.97) US 



(71) AppUcant: GENENTECH. INC. [US/US]; 1 DNA Way, South 

San Francisco. CA 94080-4990 (US). 

(72) Diventor: RAJU, T., Shantha; 1010 Haddoen Drive, San 

Mateo, CA 94402 (US). 

(74) Agents KUBINBC, Jetfrey. S. et al.; Genentech, Inc., 1 DNA 
Way, Sooth San Erandsco, CA 94080-4990 (US). 



(81) Designated States: AL, Alvf, AT, AU, AZ, BA, BB, BG BR 
BY, CA, CH, CN, CU, CZ. DE, DK, EE. ES. FI, GB,' GD 
GE, GH. GM. HR, HU, ID, IL, IS, JP, KE, KG, KP, KR 
KZ, LC. LK, LR, LS, LT, LU, LV, MD, MG, MK. MN 
MW. MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK 
SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW. SD, SZ, UG, ZW), Eurasian 
patent (AM. AZ, BY, KG, KZ, MD, RU. TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK. ES, H, FR, GB. GR, 
IE. IT. LU, MC, NL, PT, SE), OAPI pstwit (BF, BJ, CF 
CG. a CM. GA. ON, GW, ML, MR, NE, SN. TD, TG). ' 



Published 

With 

Before the e:^iraiion of the time Imdt for amemSitg 

*" repiMshed in the event of the receipt of 



(54) Tttle: METHODS AND COlVIPOSinONS COMPRISING GLYCOPROTEIN GLYCOFORMS 
(S7) Abstract 

,„H J*ti to ""vel BjywpMtom glycofonn preparations comprising the substantially homogeneous glycoprotein glycofomis 

and combinations theitof. Mo» particularly the Invention lelates to glycoprotein pnspaiatlons comprisinia paitic^ Vc gjyclfbnns^ 
methods for producing, detesting, aiiiching and purifying the glycoforms. The invention fiiiDKrielates to Imnninaglobulins and esneciallv 
antibodies oompnging a CH2 domain bavii^ particular N-linlted glycans. Provided are compositions inehidine phamBceu - ' 
methods of using the pmparBtions as well as articles of mamiftctuie comprising the prepaiMions. 



J 



FOR TBE PURPOSBS OF JNFOIOtATION ONLY 



Codes used to identuy States |>aity to die FCT an tbe fiont pages of ps 




wo 99/22764 



PCT/US98^il925 



METHODS AND COMPOSITIONS COMPRISING GLYCOPROTEIN GLYCOFORMS 
Background of the Invention 

Field of the Invention 

This invention relates to glycoprotein glycofionns as well as to novel compositions comprising the 
5 glycoforms of the inventicHi. More particulariy, the invention relates to glycoprotein compositions which 
comprise gtycoproteins such as an immunoglobulin, antibody or inmumoadhesin having an immuncglobuiin CH2 
domain containing pardcnlar N-iinked glycaos. The invention fiirther relates to methods for producing, 
detecting, enriching and puri^g the giycopnitein giyoofbnns. The invention fiuther relates to phannaceuttcal 
compositions, methods of using the compositions, as well as articles of manufacture comprising the 

10 compositions. 

Description of Related Disdosnres 

DI£biences in gjycosylation patterns of recombinmtly produced gtycoproteins have recently been the 
topic of much attention in the scientific community as recombinant prot^ produced as probd>le prophylactics 
and therapeutics approach the clinic. Antibodies or immunoglobulins (Ig) are s^oopioteins that play a central 

15 role in the humoral immune respcsise. Antibodies and antibody-like molecules such as immunoadhesins (U.S. 
Patent Nos. 5,1 16,964 and 5,565,335) have been prepared for clinical uses; for example, TNFR-IgG (Ashkenazi 
et al., (1991) Proc. Natl Acad. Sci. USA 88:1-535-1053, U.S. Patent No. 5,610,297 and "Ro45-20S 1 CTNFR55- 
IgGl) in the lYeafinent of Patients witii Severe Sepsis and Septic Shock: Preluninaiy Results" Abraham et ai., 
(1995) in Sec. Intetn. Autumnal ThenL Meeting on Sepsis, Deau^le, France); anti-lL-8 (St John et al., (1993), 

20 Chest, 103:932 and International Publicati«m No. WO 95/23865); anti-CDl la (Filcher et al., Blood, 77:249-256, 
Steppe et al., (1 991), Transplant Intl. 4:3-7, and Hounnant et al., (1994), Transplantation 5 8:377-380); anti-lgE 
(Presta et al., (1 993), J. Immunol. 1 5 1 :2623-2632, and Intematipnal Publication No. WO 95/191 81); anti-HER2 
(Carter et al., (1992). Proc. Natl, Acad. Sci. USA, 89:4285-4289, and International Publication Na WO 
92/20798); anti-VEGF (Jin Kim et al., (1992) Growtii Factors, 7:53-64, and International Publication No. WO 

25 96/30046); and anti-CD20 (Maloney et al., (1994) Blood, 842457-2466, Uu et aL, (1987) J. Immunol., 
130-JS21-3526). 

Antibodies are glyco^lated at conserved positions in their constant regions (Jefferis and Lund (1997) 
Chem. Immunol. 65:111-128; Wright and Moirison (1997) TibTECH 15:26-32). The oligosaccharide side 
chains of the iomiunogtobulins a£fect die protein's function (Boyd et al., (1996) MoL Immunol. 32:!31I-i318; 

30 Wittwer A., and Howard, S.C. (1990) Biodiem. 29:4175-4180) and die intramolecular interaction between 
portions of die glyco[Hoem whnh can affect the conformation and presented three-dimensional surface of the 
giycoprolein (Jefferis and Lund supra: Wyss and Wagner (1996) Curr. Opin. Biotech. 7:409-416; Hart, (1992) 
Cuir. Opin. Cell Biol., 4:1017-1023; Goochec, e/a/„(1991)Bio/Technology, 9:1347-1355; Parekh, R.B., (1991) 
CuiT. Opin. Struct. Biol,, 1:750-754). Oligosaccharides may also shttb to target a given glycoprotein to certain 

35 molecules based upon specific recognition structures. For example, it has been reported that in agalactosylated 
IgG, the oligosaccharide moiety 'flips' out of the inter-CH2 space and terminal N-acetlyglucosamine residues 
become available to bmdmannose binding protein (Ma^of^^^-> (1995) Nabiie Med. 1237-243). It has also 
been reported diat die presence of nonreducing tenninai galactose residues m antibody CH2 domains may be 
important for binding of IgG to Clq and Fc receptois (Tsucfaiya et al., (1989) J. Rheum. 16:285-290). 
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CAMPATH-lHisarecombinamhumuuzedmurineinonocloi^ IgGl antibody which recognizes the 
CDwS2 antigen ofhuman lymphocytes (Sheeleyetal.,(l 997) MalyticalBiodieni. 247: 102-110). Removal by 
glycopeptidase-of the oligosaccharides from CAMPATH-IH produced in Chinese hamster ovaiy (CHO) cells 
resulted in a complete reduction in complement-mediated cell lysis (CMCL) (Boyd et cH, (1996) Mol. Immunol. 

5 32:13 1 1-13 18); whereas selective removal of sialic acid residues using neuramnudase resulted in no loss of 
CMCL. CAMPATH-IH treated whh P-galactosidase, which is expected to remove termmal plactosyl residues, 
was found to reduce CMCL by less than <»ie-half (Boyd et al. supra) . 

Since the cell type used for expression of recombmant glycoproteins as potential human therapeutics 
is rarely the native cell, significant variations in the glycosylation pattern of the glycoproteins can be expected. 

10 Tissue plasmmogen activator produced in difEerent cell types results m heterogeneously glyco^lated molecules 
(Parekh, etal., (1989) Biochemistiy 23: 7644-7662). The same is tnie for unmunogldiuliiis (Hse, T.A. et aL, 
(1997) J- Biol. Chem. 272:9062-9070). 

Much attention has been paid to the &ctars which affect lycosylaticn duriitg recombinant protem 
production such as growdi mode (adheient or suspension), media fbimulation, culture denidty, oncygenation, pH, 

15 purification schemes and the like (Wemer, R. andNoe. W. (1993), Drug Res. 43:1134-1249; Hayter el aL, 

(1992) Biotech, and Bioeng. 39:327-335; Borys et al^ (1994) Biotech and Bioeng. 43:505-514; Borys et al.. 

(1993) Bio/technology 11:720-724; Hearingefa/., (l989)J.CeUBiol. 10S:339-3S3;Goocheeer a/., in Frontiers 
inBiopFocesiung II, Todd era/., eds (1992) American Chemical Society pp.199-240; U.S. Patent Na 5,096,SI6; 
Chotigeat, W., (1994) Cytotech. 15217-221). Several groups have investigated the process parameters fltat 

20 affect the production of recombinant proteins, especially the effect of media composition in the production of 
recombtaant proteins (Paik et o/., (19W) Biotech. Biooig. 40:686-696; Cox and McClure, (1 983) In Vitro, 19:1- 
6; Mi2aitani et al., (1992) Biochcm. Biophys. Res. Comm. 187:664-669; Le Gros et al., (1985) Lymph. Res. 
4(3):221-227). Various methods have been proposed to alter the glycosylation pattern achieved in a particular 
host organism including introducmg or overexpressing cettam enzymes involved in oligosaccharide production 

25 (U.S.PstentNo. 5,047,335 U.S. Patent No. 5,510,261). These schemes are not limited to uitracelhilarm^ods 
(U.S. Patent No. 5,278,299). 

While some woik has been done to evaluate the stmcmre of the N-linked glycans attached to the heavy 
chain of clinically relevattt antibodies, these studies mdicate tliat various host cells are capable of differential N^- 
glycan processing. Analysis of the produced glycoprotein reveals hetnogeneous glycofbnns (Wormald et al., 

30 (1997) Biodiemistiy 36:1370-1380). Glycosylation differences in antibodies are generally confined to the 
constant domain and m^ influence Hie antibodies^ strutture(WeitzhandleretaL,(1994) J. Phann. Sci. 83:1760). 
It is therefore hspoitant to ensure that the glycosytotioa pattern of gjlycoprotein products produced for clinical 
use is unifonn throughout and between production lots but also that the fevotable ia ma properties of the 
antihodies are at least retained. 

35 Summary of the Invention 

The present invention provides for compositions comprising glycoprotein agents substantially free of 
particuter glycofbrms of the glycoprotein agent It is a feature of the present invention that when administered 
to animals includmg humans, phannaceutical compositions comprismg the novel compositions, m prefetied 
embodimenis, advantageously exhibit superior jn vivo properties. Thus, the novel compo^tions may be used 
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wherever the glycoprotein phacmaceutical agent is used and advant^eously provide improved properties as well 
as increased imlfbrmity between and throughout production lots. The preparations of the invention can be 
incorporated into solutions, unit dosage fonns such as tablets and capsules for oral delivery, as well as into 
suspensions, ointments and the like, depending on the particular drug or medicament and its target area. 

S In a particular aspect, die present invention provides novel compositions for glycoprotein 

pharmaceutical agents, drugs or medicaments wherein the glycoprotein comprises an immunoglobulin CH2 
domain and tiie composition is substantially free of particular glycofotms of the glycoprotein agent. 
According to a particular aspect of the invention, compositions are provided comprising a glycoprotein having 
an inunmioglobulin CH2 domam wherein the CH2 domain has at least one N- linked oligosaccharide and wherem 

10 substantially all of the oligosaccharide is a G-2 oligosaccharide as defined herein. Also provided are 
compositions comprismg a glycoprotein having at least one immunoglobulin CH2 domain wherein the N-linked 
oligosaccharides of the CH2 domain are substantially of the G2 and G-2 variety. The composition is 
substantially free of glycoproteins ODmprisii^ an imnninoglobulin CH2 domain wherein the N-linked 
oligosaccharide is a G 1, GO or Q-1 oligosaccharide. In prefteired aspects the glycoprot^ is an antibody and 

15 especially a numodonal antibody. Hie invention fiuther provides for a mediod of producing the preparations of 
the invention. 

The invention encompasses pharmaceutical compositions oompri^g the glycofinm preparations of the 
mventicn. The preferably sterile. Vnieie the composition is an aqueous solution, preferably 

the glycoprotein is soluble. Where the composition is a lyophilized powder, preferably the powder is 
20 reconstitutable in an apptopiiaie solvent. 

In still another aspect, the invention ihvohres a method for the treaonent of a disease state comprising 
administering to a mammal in need fliereof a therapeutically effective dose of the pharmaceutical compositions 
of the invention. 

It is a fiirther object of the invention to provide the glycofoim preparations in an article of manufiicture 
25 or kit that can be employed for purposes of ttealtng a disease or disorder. 

Brief Description of the Drawings 
Figure I A, Figure IB and Figure IC depia oligosscchsride analysis of an anti-CD20 monoclonal 
antibody C2B8 by capillary electrophoresis with laser-induced fluorescence detection. C2B8 produced in 400L 
batch-fed culture produced at least four glycoformsof C2B8 O^guie lA). Figure IB depicts tile same C2B8 
30 pr^iaratioD treated witii P-galactosidase. Figure IC d^cts the preparation further treated with N-acetyip-D- 
glucosaminosidase A single G-2 glycofonn preparation was obtained (G-2), 

Fi^ne 2 depicts the binding of C2B8 id Clq udng tiie procedure of Rsffet al., (1994) Blood 83:435- 
445. Both 02 and G-2 preparations bound Clq to a greater extent than control samples eidiifaiting heterogeneous 
glyoofiMms. 

35 Figure 3 depicts the bioactivity of the G2 and G-2 glycoform preparations compared witii the 

preparations having ail carbohydrate removed (No) and preparations having only galactose removed (GO) in a 
rabbit/human complement lysis assay. 

F^;ure4A and Figure 4B depict oiigosacchaiide analysis of an anti-CD20 monoclonal antibody C2B8 
by capillaiy electrophoresis widi laser-induced fluorescence detection. C2BS produced in 40QL batch-fed culture 
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produced at least three glycofonns of C2BS (Figure 4A). Figure 4B depicts the same C2B8 preparation after 
tieatmBnt vn&i galactosyltiansfeiase according to the present invention. A single G2 ^ycoform prepaiation 
was obtained. 

RgUTB 5 depicts analysis of an anti-VEGF monoelonal antibody by capillary electrophoresis. It can be 
5 seen diat anti-VEGF produced in CHO cell culture contained at least three gjycofonns forming a heterogeneous 
composition. The same anti-VEGF after treatment with p-M galactosyhransferase accordmg to the present 
invention produced a smgle G2 glycofotm. 

Figure 6 depicts analysis of an anti-IgE monoclonal antibody by capillary electrophoresis. It can be 
seen that anti-IgE produced in CHO cell culture contained at least three glycofonns forming a heterogeneous 
10 oligosaccharide population. The same anti-IgE CHO cell composition after treatment with |^l-4 
galactosyhransferase according to the present invention produced a suigle G2 glycofixm. 

Figure 7 depicts analysis of an anti-HER2 monoclonal antibody fay capillary electrophoresis. It can be 
seen that anti-HER2 produced in CHO cell cuhure oonlatoed at least diree glycofonns fanning a heterogeneous 
oligosacdiaride population. The same anti-HER2 CHO composition after treatment with p-1-4 
15 galactosyltransferase according to the present invention produced a single G2 glycoform. 

Figure 8 depicts a representative SDS polyacrylamide gel analysis of an anti-CD20 monocbnal antibody 
under non-reducing conditions. Lane I is molecular weight standards, Lane 2 is the G2 glycoform of C2BS; 
Lane 3 is the C2B8 preparation treated witfa galactosidase to remove galactose residues from the 
oligosaccharides; Lane 4 is the CHO derived C2B8 preparation treated with glycopeptidase-F for the removal 
20 of intact oligosaccharide; Lane 5 is the C2B8 antibody from CHO production; Lane 6 is CHO-derived C2B8 
after incubation at 3 7 C for 24 hours; lane 7 is CHO-derived C2B8 and BSA. The representative gel shows that 
tiie molecular size of the C2B8 molecule remains intatt after treatment with the galactosyltransferase. The 02 
glycoform does not disrupt the primary stnictuie of the antibo^. 

Figure 9 depicts the same material described above analyzed by polyacrylamide gel electrophoreses 
25 under reducing conditions. The C2BS heavy and li^t chains remain intact 

Figure lOA and Figure lOB depict &r and near UV circular dichroism (CD) spectra of C2B8 antibody 
from CHO culture and the G2 glycoform. As chcular dichroism is sensitive to secondaiy strocture (Frovenoer 
and Glodcner (1981), Biochem. 20:33-37) it can be concluded that the G2 glycoform has the same secondary 
structure as C2B8 of heterogenous glycan compositim. 
30 Figure 1 1 depicts the bioactivity of the G2 glycoform preparation compared with the heterogeneous 

composition for C2B8 in a rabbit complement i^sis assay. 

Figure 12 depicts the correlation of bioaclivily and galactose content ui the G2 glycoform. The G2 
glycoform preparation was at least 1,5 times moie active in this assay than that produced under typical cell 
culture conditions. 

35 De^iiM Descrintkm of the Preferred Embodiments 

Pefinitions 

The carixihydiate moieties of the present inventioD will be described with reference to commonly used 
nomenclature for the description of oligosaccharides. A review of carbohydrate chemistry which uses this 
nomenclature is found in Hubbard and Ivatt (1981) Ann., Rev. Biochem. 50:555-583. This nomenclature 



wo 99/22764 PCT/US98am5 
includes, for instance, Man, which represents maraiosq GlcNAc, which represents 2-N-acetyIglucosamine; Gal 
which represents galactose; Fuc for fiicose; and Glc. which represents glucose. Sialic acids are described by the 
shorthand notation NeuNAc, for S-Niac^lnenraminic acid, and NeuNGc for S-gfycolybieuraminic acid (J. BioL 
Chcm, 1982 257:3347; J. Biol. Chem.. 1982. 257:3352). 
5 The "CH2" domain of the present invention is meant to describe an immunoglobulin heavy chain 

constant CH2 domain. In defining an immimoglobulin CH2 domain reference is made to immunoglobulins in 
general and in particular to the domain stnictuie of inuntmoglobulins as applied to human IgGl by Kabat BJi. 
(1978) Adv. Protein Chem. 32: 1 -75. Accordingly, inrnttmoglobulins are generally heterot^rameric glycoprotelm 
of about 150,000 daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each 

10 light chain is linked to a heavy diain by one covalent disulfide bond, while the number of disulfide linkages 
varies between the heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has 
regularly spaced intrachain disulfide bridges. Each heavy chain has an amino tenninal variable donain (VH) 
followed by carboxy tenninal constant domains. Each light chain has a variable N^tetminal domain (VL) and 
a C tenninal constant domain; the constant domain of (he light chain is aligned with the fiist constant domain 

15 (CHI) of the heavy chain, and the light chain variable domain is aligned with the variable domain of the heavy 
chain. According to the domain definition of immunoglobulin polypeptide chains, light (L) chains have two 
confonnationally similar domains VL and CL; and heavy chains have four domains (VH, CHI, CH2, and CH3) 
each of which has one intrachain disulfide bridge. 

Depending on the amino add sequence of the constant (C) domain of the heavy . chuns, 

20 immunogtobulins can be assigned to different classes. There are five major classes of immunoglobulins: IgA, 
IgD, IgE, IgG, and IgM. The heavy-chain constant domains that conrespond to the different classes of 
immunoglobulins are called a, 5, e, y, and )i domains respectively. Sequence studies have shown that the }i 
chain of IgM contains five domains VH, CH|il, CH^2, CHri3, and CH|[i4. The heavy chain of IgE (e) also 
contains five domBins while the heavy chun of IgA (a) has four domains. The immunoglobulin class can be 

25 fiuther divided into subclasses (isotypes), e.g, IgG,, IgG2, IgG3, IgG4, IgA|, and IgA2 . 

The subunit structures and three-dimensional configurations of difEisrent classes of immunoglobulins 
are well known. Of diese IgA and IgM are polymeric and each subtmit contains two light and two heavy chains. 
The heavy chain of IgG (y) contains a length of polypeptide chain lying between the CHy 1 and CHy2 domains 
known as the hinge region. The a chain of IgA has a hinge region contaniing an O-linked gfyco^iation site and 

30 the (I and e chains do not have a sequence analogous to the hinge region of the y and a chains, however, they 
contain a fourth constant domain lacking in the others. The domain composition of ummmoglobulin chains can 
be summarized as fbUows: 

Light Chain A." VA.CX 

k-VkCk 

35 Heavy Cham IgG (y) = VH CHy 1 , hinge CHy2 CHy3 

IgM (M) = VH CHul CHii2 Ctfti3 CHn4 
IgA (o) = VH CHal hinge CHa2 CHa3 
IgE (E) = VH CHeI CHe2 CH63 CH64 
IgD (6) = VH CH6I hinge CHfi2 CH63 

-5- 
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A CH2 domain therefore is an immunoglobulin heavy chain constant region domain. According to the present 
invention, the CH2 domain is preferably the CH2 domain of (Hie of the five immunoglobulms subtypes indicated 
above. Prefetied are mammalian immmiaglabultn CH2 domains such as a primate or murine immunoglobulin 
with the pnmate and especiaUy human immunoglobolin CH2 domains being prefeired. The amino acid 

5 sequence of immunoglidnilm CH2 domains aie known or ate generally available to the skilled artisan (Kabat et 
al., Sequences o f proteins of imrnunological interest Fiffii Ed., U.S. Department of Health and Human Services, 
NIH Publication No. 91-3242). A preferred nninunoglobului CH2 domain within the context of the present 
invention is a human IgG and preferably fiom IgGl, IgG2, IgG3, lgG4 and more preferably a human IgGl, 
Using the numbering system of Edehnan, G.M., et al, (1969) Proc. Natl. Acad. Sci. USA 63:78-85 the 

10 immunoglobulin CH2 domain preferably begins at amino position equivalent to ghitamine 233 of human IgGl 
and extends through amino acid eqoivalent fi> lysine 340 (Ellison et aL, (1982) HMBO J. 1:403-407). 

With respect to human antibody molecules reference is made to the IgG class in wfaidi an N-linked 
oligosaccharide is attached to the amide side chain of Asn 297 of (be ^ bend of the inner fiwe of the CK2 
domain of the Fc region (Beale and Feinstein (1976) Q. Rev. Biophys. 9253-259; Jeffcris et al. (1995) Immunol 

15 Letts. 44:111-1 17). It is characteristic of the glycoprotein of the present invention ftat it contain or be modified 
to contain at least a CH2 domain. The CH2 domain is a CH2 domain of an immunoglobulm having a single N- 
linked oligosaccharide of a human IgG CH2 domain. The CH2 domain is preferably the CHy2 domain of human 
IgGl- 

The oligosaccharides of the present invention occur on the CH2 domain expressed as N-linked 
20 oligosaccharides. "N-liiiked glycosylation" refers to the attachment of the carbohydrate moiety via OlcNAc to 
an asparagine residue in apolypeptide chain. TheN-Unked catbohydrates all contain a common Manl-e(Manl- 
3)Manpl-4GlcNAcpl-4Gh;NA(^-R ccsc snudure. Therefbre^ in the core stiucture described, R represents an 
asparagine residue of the produced glycoprotein. The sequence of the protein produced will contain an 
asparagme-X-serine, asparagine-X-tfareonine, and asparagine-X-cysteine, wherein X Is any amino acid except 
25 proline. The skilled artisan will lecognize that, for example, each of murine Ig03, IgGl, IgG2B, IgG2A and 
human IgD, IgG3, IgGl, IgAl. IeG2 and IgG4 CH2 dom^ have a single site for N-linked glycosylation at 
amino acid residue 297 (Rabat et al.. Sequences of proteins of immunotoeical interest Fifth Ed., U.S. Depaitment 
of Health and Human Services, NIH Publication No. 91-3242). 

Of the N-linked carbohydrates the most important are the "complex" N-linked carbohydrates of the 
30 variety natui«llyoGcuirii(g in unmimMglafauUnCI12 domains. Accoidi^ 

carbdiydrates will be one of the "bt-antemiaiy structures described herein. The core bi-antennary structure 
(01cNAc2Man3GlcNAc) is typical of faiantennaiy oligosaccharides and can be represented schematicaUy as: 
GlcNAcpi-aManocs. Fuca-w 

6 6 
35 Man|Jl-GlcNac|Jl-4GlcHAc 
3 

GlcNAcPl-2Mana-- 

Since each biantennaiy structure may have a bisecting N-acetylglucoseamine, core fucose and either 
galactose or sialic acid outer sacchatides, there are a total of 36 sliucturally tmique oligosaccharides which may 
40 occupy the N-Iinked Asn 297 site (Jefferis and Lund supra) . It will also be recognized that within a paiticular 
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CH2 domain, glyco^latioit at Asn 297 may be asymmetric owing to di£Eereiit oligosaccharide ctaina attached 
at either Asn 297 residue within the two chain Fc domain. For example, while the heavy chain synthesized within 
a single antibody-secreting cell may be homogeneous in its amino acid sequence, it is generally differentaly 
glycosylated rcsuking in a large number of structurally tinique Ig glycoforms. 

The major types of complex oligosaccharide stnictures found in the CH2 domain of the IgG are 
represented below. 

Fuc , 

Gal Glc-Man | ^ 

NAc J^Man-Glc-Glc-Asn G2 
Gal Glc-Man NAc NAc <^ 

NAc 

Fuc - 

Gal Glc-Man j \ 

NAc ^Man-Glc-Glc-Asn Ql 
GlcNAc Man NAc NAc ^ 



Fuc 

' GlcNAc Man 

"^Man-Glc-Glc— Asn 

Gal Glc-Man NAc NAc ^ 

IXAc 



Fuc 

GlcNAc Man 

^ Man-Glc-Glc-Asn 
GlcNAc Man KAc NAc ^ 



■Glc— Asn 
NAc ^ 



^Man-Glc-Glc— Asn G-1 
GlcNAc Man KAc NAc ^ 



GlcNAc Man 

^Man-Glc-Glc-Asn G^l 
Man'^^ NAC NAc ^ 



Man.^ I i 

^Man-Glc-Glc— Asn G-2 
Man"''^ NAc NAc ^ 
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According to the present invention GO refers to a biantennary structure wherein no terminal sialic adds (NeuAcs) 
or Gals are present, Gl refers to a biantennary structure having one Gal and no NeuAcs and G2 refers to a 
bianteimary structure with two terminal Gals and no NeuAcs. Accordingly, G- 1 refers to tiie core unit minus one 
GlcNAc and G-2 refers to the core structure minus two GlcNAc's. 
5 The term "glycoform" as used within the context of the present invention is meant to denote a 

glycoprotein containing a particular carbohydrate straonie cr sinictues. Iheiefinc, the G-2 glycofoim of a CH2 
domam refers to a CH2 domain having a G-2 glycan as defined herein. 

The phrases "subslatttialty bamog^neous'. "substantially unlibim" and "substantial homogeneity" and 
the like are used to indicate that the product is substantially devoid of by-products originating firam undesited 
10 glycofoims {e.g. GO and G 1). Expressed in temis of purity, substantial homogeneity means that the amount of 
by-products does not exceed 10%, and preferably is below 5%, more preferably below 1%, most piejEeiably 
below 0.5%, wherein the percentages are by weight 

The phrases "substantially &ee of and the like are used to indicate that the pniduct is substantially 
devoid of by-products originating fiom undesired glycofbrms {e.g. GO and Gl). Expressed in terms of purity, 
15 substantially free means that the amount of by-products does not exceed 10%, and preferably is below 5%, more 
preferably below 1%, most preferably below 0.5%, wherein the percentages are by weight 

The "CDQXr antigen is expressed during early pre-B cell development and may regulate a step in 
cellular at^ivation required for cell cycle initiation and differentiation. The CD20 antigen is expressed at high 
levels on neoplastic B cells however it is present on normal B cells as well. Anti-CD20 antibodies which 
20 recognize the CD20 sui&ce antigen have been used cliiucally to lead to the targeting and destruction of 
neoplastic B cells (Maloney et aL, (1994) Blood 843457.2466; Press etal., (1993) NBJM 329:12219-12223; 
Kamfaiskietal.. (1993) NEJM 329; McLaughlin etaL, (1996) Pnic.Ain.Soc. Clin. Oncol. 15:417). Chimeric 
and humanized anti-CI>20 antibodies mediate complement dependent lysis of target B cells (Maloney et al. 
supraV. The monoclonal antibody C2B8 recognizes the human B cell restricted diflbrentiation antigen Bp35 (Liu 
25 etal.,(1987)J.bmnunoL1393521;MaloneyetaL.(1994)Blood842457). "C2B8" is defined as the and-OSO 
monoclonal antibody described in Istematiooal PubhcationNo. W094/1 10C26. 

The tenns antibody and immunoglobulins are used uiterchangeabty and used to denote glycoproteins 
having the structural chatacteristica noted above immunoglobulins. 

The teim "antibody" is used in the broadest sense and specifically covers single monoclonal antibodies 
30 (including agonist and antagonist antibodies) and antibody compositions with polyepitopic specificity. The term 
"antibody" specificaUy covets monodonal antibodies (including iiill lengdi monoclonal antibodies), polyclonal 
antibodies, multispecific antibodies (££-., tnspecific antibodies), and antibody fiagments so k»g as they contafai 
or are modified to contain at least die portion of the CH2 domain of the heavy chain immunoglobulin constant 
region comprising the singled N-linked glycosylation site. Exemplary antibodies within the scope of the present 
35 invention include but are not limited to anti-IL-8, St John et al., (1993) Chest 103:932 and International 
Publication No. WO 95/23865; anti-CDl la, Richer ct al.. Blood, 77:249-256, Steppe et al,. ( 1 99 1 ) Transplant 
ML 4:3-7, and Hounnant etal., (1994) Ttansplantation 58:377-380; anti-IgE, Presta et al., (1993) J. hnmunol. 
15l2fi23-2632, and Intemational Publication No. WO 95/19181; anti-HER2, Gaiter etaL. (1992) Proc. Natl. 
Acad. Sci. USA 89:4285-4289, and Intemational Publication No. WO 92/20798; aati-VEGF, Jin Kmi et aL, 
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(1992) Growtb Factors, 7:53-64, and International Publication No. WO 96/30046; and anti-CD20, Maloney et 
al,, (1994) Blood, 842457-2466, and Liu ct aL, (1987) J. Immunol., 130:3521-3526. 

The tenn "preparation" as used herein is used to define a composition which has been identified and 
separated andikir recovered as component of its environment. Contaminant components of its environment are 
5 materials which would interfere dt^ostic or therapeutic uses for the glycoprotein such as unwanted or 
unintended glycoforms (GO and 01), and may include wzj/mes, hormones, and other protdnaceous or 
nonproteinaceous solutes. Hie preparation of the invention is substantially free of these contaminants. In 
preferred embodiments, the glycoprotein preparation wiB be purified (1) to greater than 95% by weight of 
antibody as determined by the Lowry method, and most preferably more than 99% by weight, (2) to a degtee 

10 sufficient to obtain at least 15 residues of N-terminal or internal amino add sequence by use of a spinning cup 
sequenaior, or (3) to homogeneity ^y SDS-PAGE under reducing or nonredncmg conditions usmg Cocmassie 
blue or, preferably, silver stain. 

The terni "monocloaal antibody" (mAb) as used herein refers to an antibody obtained from a population 
of substantially homogeneous antibodies, i.e., the individual antibodies comprisuig the population are identical 

15 except for possible naturally occurring mutations that may be inesent in muior amounts. Monoclonal antibodies 
are highly specific, being directed against a single antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include difTerent antibodies directed against different 
determinants (epitopes), each mAb is directed against a single detemiinant on the antigen. In addition to their 
specificity, the monoclanal antibodies are advantageous in that tiiey can be synthesized by hybridoma culture, 

20 uncootaminaled by other immunoglobuluis. The modifier "monodcmal'mdicaies the character of the antibody 
as being obtained firom a substantially homogeneous population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular method. For example, the monoclonal antibodies to be 
used in accordance witii the present invention may be made by the hybridoma method first described by Kohler 
et al., (1975) Nature, 256^495, or may be made by recombmant DNA methods (see, e.g^ U.S. Patent No. 

25 4,816,567 to CabUly et al.). 

Hie monoclonal antibocUes herein include hybrid and recombinant antibodies produced by splicing a 
vaii^le (including hypervari^le) domain of an antibody with a constant domain (e.g. "humanized" antibodiesX 
or a light chain with a heavy chain, or a chain from one species with a chain from another species, or fusions with 
heterologous proteins, regardless of species of origin or immunoglobulin class or subclass designation, (See, e.g., 

30 U.S.Pat.No,4,816,567toCabillye/fl/.; Mage and [.amoyi, in MppocloMi Antibody Production Techninneg 
an(j Applications, pp. 79-97 (Marcel Dekker, Inc., New Yoric, 1987).) 

The monoclonal antibodies herefai spedfically include "dumeric" antibodies (immunoglobulins) in 
which a portion of the heavy and/or light chain is identical with or homologous to coirespcnduig sequences in 
antibodies derived from a particular species or belonging to a particular antibody class or subclass, while the 

35 remauider of the chain(s) is identical with or homologous to corresponding sequences in antibodies derived from 
another spedes or beloi^ing to another antibody class or subdass, as well as fragments of such ant&odies, so 
long as tiiey contam or are modi&d to contain at least one CH2 domain (Cabilly et al. , supra; Monison et al., 
(1984) Proc. NatL Acad. Sd. U.SA. 81:6851 . 
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*Humaiiized" fonns of non-buman (e.g^ murine) antibodies are specific chimeric immunoglobulins, 
immunoglobulm chains or itagments thereof (such as Fv, Fab, Fab', F(ab')2. or otlier antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 
S a complementary-detennimng r^on (CDR) of the recipient are replaced by residues from a CDR. of a non- 
human species (donor antibody) such as mouse, nit, or rabbit having the desired specificUy, affinity, and capacity. 
In some Distances, Fv fiamewoik residues of the human immunoglobulin are replaced by corresponding non- 
human residues. Furthermore, humanized antibodies can comprise residues which are found neither in the 
recipient antibody nor in the imported CDR or framework sequences. These modifications are made to further 

1 0 refine and maximize antibody perfonnance. In general, the humanized antibody will comprise substantially all 
of at least one, and typically two, variable domains, in which all or substantially all of the CDR regions 
correspond to those of a noo-human ummmoglobulin and all or substantially all of the FR regions are diose of 
a human hnmunogiobiilui consensus sequence. The humanized antibody optimally also will comprise at least 
a portion of an immunoglobulin constant region (FcX typically that of a luunan inotnunoglobulin. For fiirtfaer 

15 details see Jones et al, Nature 321 :S22 (1986); Reichmann er a/.. Nature 332:323 (1988); and Presta, Cuir. Qp. 
Struct. Biol. 2:593 (l^Y 

As used herefai, the term "immunoadhesin" designates antibody-like molecules which combme the 
"bindiitg domain" of a heterologous protein (an "adhesm", e.g. a receptor, ligand or enzyme) with the effector 
fimctions of imntunogldwlin constam domams. Structurally, tiie unmunoadhesins comprise a fusion of the 

20 adhesin amino acid sequence with the desired bindmg specificity which is other than the antigen recognition and 
binding site (antigen combining site) of an antibody (i.e. is "heterologous") and an immunoglobulin constant 
domain sequence. The immunoglobulin constant domain sequence in die immunoadhesin may be obtained from 
any immunoglobulin, such as IgG | , IgG2, IgG3, or IgG4 subtypes, IgA, IgB, IgD or IgM- Imnumoadhesins are 
described ui, for example, U.S. Patent No. 5,1 16,964. 

25 As used herein die phrase "multtspedfic ttmnnnoedbean" designates immunoadhesms (as hereinabove 

defined) havmg at least two binding specificities {ie, combuimg two or more adhesin bmduig domams). 
MuDttspedfic immimoadhesins can be assembled as heterodhners, heterotrimers or heterotetramers, essentially 
as disclosed in WO 89/02922 (published 6 April 1989). in EP 314,317 (published 3 May 1989), and in U.S. 
PatentNo. 5,116,964 issued 2 May 1992. Piefeiredmidtispecific immunoadhesms are bispecific Examples 

30 of bispecific ummmoadheHns inchide CD4-IgG/TNnreceptor-IgO and CD4-IgG/L-5electin-lgG. The last 
moitioned molecule combines the lymph node binding fiinction of the lymphocyte homing receptor (LHR, L- 
selectm), and the HIV binding fimction of CD4, and finds potential implication in the prevention or treatment 
of HIV infection, related conditions, or as a diagnostic. 

An "antibody-immunoadhesin chimera (Ab/Ia chimera)" comprises a molecule which combines at least 

35 one binding domain of an antibody (as herein defined) with at least one immunoadhesin (as defmed in this 
qiplicadon). Exemplary Ab/la diimeras are the bispecific CIH-lgG chimeras described by Berg et al., supra 
and Chamow et aL, aota. hnmunoadhesons inchide CD4 (Cbpon et al., (1 989) Nature 337:525-53 1; Traunecker 
et al., (1989) Nature 339:68-70; and Bym et at, (1990) Nature 344:667-670); L-selectm or hommg receptor 
(Watson et aL, (1990) J. Cell. Biol. 1 10:2221-2229; and Watson et al., (I99I) Nature 349:164-167); CD44 
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(Aniffo et al, (1990) Cell 61:1303-1313; CD28 and B7 (Linsley et aL. (1991) J. Exp. Med. 173:721-730); 
CTLA-4{Lisleyct aL, J.Exp. Med. 174:561-569); CD22(Stamenkovic etaL.Cell 66:1133-1144); TNFnsceptor 
(Ashkenazi et al., (1991) ftoc. Natl. Acad. Sd. USA 88:10535-10539; Lesslaueret al., (1991) Eur. J. Immunol. 
27:2883-2886; and Peppel et al., (1991) J. Exp. Med. 174:1483-1489^ NP receptors (Bennett et al., (1991) J. 
5 Biol. C3iem. 266:23060-23067; interferon y receptor (EOuschner et al., (1 992) J. Biol. Chem. 267:93 S4-9360 ; 
4-lBB (Chaliqmy et aL, (1992) PNAS USA 89:10360-10364) and IgE receptor tt (Kidgway and Gonnan, (1991) 
J. Cell. Biol. I IS, Abstract 1448). 

Examples of homomultimeric nnmunoadhesins whidihave been described for therapeutic use include 
the CE>4-lgG immunoadhesin for blocking the binding of HIV to cell-surface CD4. Data obtained from Phase 

10 I diuicai trials in whidi CD4-IgO was administered to pregnant women just before delivery suggests that this 
immunoadhesin may be ttsefbl in the pteveotiom of maternal-fetal transfer of HIV. Ashkenazi (199 1) et al., 
tnteni. Rev, Immunol. 10:219-227. An imtmmoadhesin which binds tumor necrosis &ctor (INF) has also been 
devdcped. TNF is a proinflanmatory cjlokine which has been sfaown to be a major mediator of septic shock. 
Based on a mouse model of septic shock, a TNF receptor inummoadhesin bas shown promise as a candklate for 

15 clinical use in treating septic shock (Ashkenazi, A. et al. (1991) PNAS USA 88:10535-10539). 

If the two arms of the immunoadhesin strucbire have different specificities, the immunoadhesin is called 
a "bispecific immmmadhean" by anakigy to bispecific antibodies. Dietsch et al., (1993) J. ImmunoL Methods 
162:123 describe such a bispecific immunoadhesin combining the extracellular domains of the adhesion 
molecules, E-selectin and P-seiectin, each of which selectins is expressed in a different cell type in nalme. 

20 Ending studies indicated that the bispecific immunogtobulin fiision protein so formed had an enhanced ability 
to bind to a myeloid cell line compared to the mono^cific immunoadhesins from which it was derived. 

The invention also pertains to immimoconji^tes comprising the antibody described herein conjugated 
to a cytotoxic agent such as a chemotherapeutic agent, toxin {e.g., an enzymatically active toxin of bacterial, 
fungal, plant or animal origin, or fragments thereof), or a radioactive isotope (ie.. a ladioconjugate). 

25 In another embodiment, the antibody may be conjugated to a "teoeptoi" (such as streptavidin) for 

utilization in tumor preiargeting wherein tiie antibody-receptor coqjugate is administered to foe patient, foUowed 
by removal of unbound conjugate from the circulation using a clearing agent and then administration of a 
"llgand" {e.g., avidin) which is conjugated to a cytotoxic agent (e.g., a radionuclide). 

"TteBtment" refets to bofo tiier^eutic treatment and prophylactic or preventative measures. Those in 

30 need oftreatmetttindude those already with the disoider as weU as foose prone to have foe disorder or those in 
which foe disorder is to be prevented. 

The tenns "treating," "treatment," and "foerapiy" refer to curative foerapy, prophylactic foerapy, and 
preventative foeraipy. 

Tlte term "mammal" refbts to ai^ aifonal dassiiied as a mammal, inchiding humans, cows, horses, dogs 
35 and cats. In a preferred embodiment of the invention, the mammal is a human. 

As used herein, protdn, peptide and polypeptide are used intercfaangeably to denote an amino acid 
polymer or a set of two or more tntetactmg or bound ammo acid polymers. 

The term "disease stat^ refers to a physiological state of a ceil or of a whole mammal in which an 
mtenuption, cessation, or disorder of cellular or body fim^ns systems, or organs has occmred. 
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The terms "cancer" and "cancerous" refer to or describe the physiological condition in mammals that 
is typically characterized by unregulated cell growth. Examples of cancer include but are not limited to, 
caicinoma, lymphoma, blastoma, sarcoma, and leukemia. More particular examples of such cancers include 
squamous cell cancer, small-cell lung cancer, non-smail cell lung cancer, gastric cancer, pancreatic cancer, glial 
5 cell tumors such as glioblastoma and neurofibromauKis, cervical cancer, ovarian cancer, liver cancer, bladder 
cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial carcinoma, salivary gland 
carcinoma, kidney cancer, renal cancer, i»ostate cancer, vulval cancer, thyroid cancer, hqutlc caicinoma and 
various types of head and neck cancer. 

The term "inflammatory disorder^ refers to a fimdamental pathologic process consisting of a dynamic 

1 0 complex of cytologic and histologic reactions that occur in the affected blood vessels and adjacent tissues in 
response to an nuuiy or abnormal stimulation caused by a physical, chemical, or biolo^c agent, including: 1) 
the local reactions and resulting morphologic changes, 2) the deslmction or removal of the injurious material, 
3) the responses that lead to repair and healing. Inflammatory disorders treatable by the invention are those 
wfanein tiie mflanmiation is associated witti cybikinfrinducBd dtsondeis, such as those assodaiied •wiOi interleukin 

1 5 and leukemia inhibitory &ctor cytokines. Such dnIsoFders include abnormalities in tfartnnbopoiesis, macrophage 
growth and differentiation, proliferation of hematopoietic progenitors, and the like. 

The term "neurolo^cal disorder" refos to or describes the physiological conditiai in mammals that is . 
typically characterized by nerve cell growth, differentiation, or cell signaling. Examples of neurological 
disorders inchide, but are not limited to, neurofibromatosis and peripheral neuropathy. 

20 The term "cardiac disorder" refers to or describes the physiological condition in mammals that is 

typically characterized by cardiac cell growth and differentiation. An example of a cardiac disorder inchides, 
but is not limited to, cardiac hypertrophy and heart failure, including congestive heart fkUure, myocardial 
infarction, and tachyriiydmiia.. "Heart fiibirei" refers to an abnomialily of cardiac fimctton where tiie heart does 
not pump blood at tiie late needed for tiie requirements of metabolizing tissues. 

25 Modes for Carrying out the Inventlnn 

The compositions and preparations of the present invention are preferably obtained by in vitro 
modification of recombinantly produced glycoproteins. The skilled artisan will recognize that both the structure 
of the attached oligosaccharide and the efficiency of glycosylation of a glycoprotein produced in recombinant 
cell culture will vary depending upon tiie metiiod of glycoprotein production employed. Oligosaccharide 

30 structures attached at particular glycosylation sites will generally vary even for monoclonal antibodies. 
Therefore, it is typical to find multiple glycofbmis witiun a ^ven production or batch for monoclonal as well as 
polyclonal antibodies. 

According to the invention, a compositions is prepared comprising a glycoprotein having an 
immunoglobulin CH2 domain wherein tiie CH2 doimun has at least one N-linked oligosaccharide wherein 
35 substanrialty^ all of tiie oligosaccharide of tiie CH2 domain is a G-2 oligosaccharide as defmed herein. The 
invention fiirther provides for the preparation of a compositions comprisng a glycoprotem having at least one 
immunoglobulin CH2 domain w^ernn (he N-linked oligosaccharides of tiie CH2 domun are substantially of tiie 
G2 and G-2 variety. The composition is substantially fiee of glycoproteihs comprising an inunnnoglobulin CH2 
domain wherein the N-Unked oligosaccharide is a GI , GO or G- 1 oligosaccharide. 
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The piresent invention provides that a substantially homogenous glycofinm can be oi>taiiied and that, 
according to certain embodiments, the glycofom exhibhs a favorable bioactivity compared with the 
heterogenous glyooform. According to the presem invention a substantially homogenous glycoform of a 
glycopiotem comprising a CH2 domain, such as an antibody, is obtained. Compositions comprising the 
S glyooprotem glycoform are prepared wMch are substantially firee of undeshed glycofonns. Therefore, according 
to one aspect of the present invention, a composttica comprising a glycoprotem havmg a CH2 domain such as, 
for example, an IgGl type antibody containing a single site for N-linked glycosylation in each CH2 domam and 
having a particular N-linked oligosaccharide is prepared. In one embodiment the antibody glycoform is a G2 
glycofonn. hi a fiirther embodiment, the antibody is a G-2 glycofom. A fiiither aspect of the present invention 
10 provides for a composition as described, being substantially free of Gl, GO and G-I antibody glycofonns. This 
composition combines the G2 and G-2 antibody glycofonns of the present invention. 

The glycoproteins, for example antibodies of tiie present mvention can be produced by well known 
techniques tncluduig but not limited to gene expression systems to alhnv the production of intact glycoproteins 
comprising a CH2 domain in any of a variety of host systems. Both prokaryotic and euiuiyotic expression 
IS systems, for example can be used m the production of the gtycoprotems of the present mvention howeiver, 
eukaiyotic expression systems are preferred smce antibodies produced in prokaryotic cell systems lack 
carbohydrate. 

Isolatine Antibodies 

Techniques for isolating antibodies and preparing iimnunoadheshis follow. However, it will be 
20 appreciated tliat the glycoprotein can be isolated using techniques which are known in the ait 

ffl Anti'tiqdypr^pffgtion 

Several teciiniques fortfae production of antibodies have been described which include the traditional 
hybridoma metiiod for making monoclonal antibodies, recombinant techniques for making antibodies (including 
chuneiic antibodies, e.g. humanized antibodies), antibody production in tran^enic animals and the recently 
25 described phage dsplay technokigy for pnpaiing "folly human" antibodies. These techniques shall be descrfoed 
briefly below. 

Polyclonal antibodies to tiie antigen of mterest generally can be raised in animals by multiple 
subcutaneous (sc) or intraperitoneal (ip) uijections of the antigen and an adjuvant. It may be useful to conjugate 
the antigen (or a fiagment contammg tiie target amino acid sequence) to a protein that is immunogenic in the 

30 spedes to be unmunized, e.g., keyhole lunpet hemocyanm, serum albmnin, bovine thyioglobulin, or soybean 
trypsin inhibitornsing abifim^onal crderivatizing agent, for example maleiinidobenzoiyl sulfbsuccinimide ester 
(coiuugation through cysteme residues), N-hydroxysuccinimide (through lysine residuesX glutaraUehyde, 
succinic anhydride. SOCI2, or r'NONR, vdiere R and are difioBnt alkyl groups. Animals are unmunized 
against tiie immunogenic conjugates or derivatives by combining 1 mg of I \ig of coi^ugate (for rabbits or mice, 

35 respectively) with 3 volumes of Freud's complete adjuvant and injecting the solution intradermally at multiple 
sites. One month laterthe anhnals are Imosted with 1/S to 1/10 the original amount of conjugate in Freud's 
complete adjuvant by subcutaneous mjection at multiple sites. 7 to 14 days later die anunals are bled and die 
senim is assayed for antibody titer. Anmuds are boosted until the titer plateaus. Preferably, the ammal is boosted 
wilh the conjugate of the same antigen, but conjugated to a different protein and/or throu^ a different cross- 
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linking reagent Conjugates also can be made id recombinant oell culture as protein fusions. Also, aggiegatii^ 
agents such as alum are used to enhance the immune response. 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies using 
the hybiidoma method first described by Kohler & Milstein, (1975) Nature 256:495 or may be made by 
5 recombmaiitDfNAmefliods(Cabillycrai,U.S.PatentNo.4,816,567). In the hybridoma method, a mouse or 
other iqipnipriate host ammal, such as hamster, is immtmized as heieiiiabove described to elicit lymphocytes that 
produce, or are capable of produdng, antibodies that will specifically bind to the protein used fiir immunization. 
Alternatively, lymphocytes may be immunized in vitro. Lympbocytes tbeo are fused with myeloma cells using 
a suitable fiising agent, such as polyethylene glycol, to form a hybridoma cell (Goc&g, Monoclonal Antihodift!!- 

10 PnnpiplK and Practice. pp.59-103 [Academic Press, 19S6]}. Hie hybridoma cells thus prepared ai« seeded and 
grown in a suitable culture medhmi that preferably oomtains one or more substances that mhibit Ifae growth or 
survival of the mifused, parental myeloma cells. For example, if the parental myeloma odls lack the en^e 
hypoxandiine guanine phosphoribosyl transferase (HGPRT or HPRT), the cultme medium for the hybridomas 
typically will include hypoxanthine, aminopterin, and thymidine medhmiX which substances prevMit the 

1 5 growth of HGPRT-deficient cells. Preferred myeloma cells are those that fuse efficiently, support stable high 
level expresdon of antibody by the selected antibody-producing cells, and are sensitive to a medium such as 
HAT medhmi. Among these, preferred myeloma cell lines are murine inyelonia imes, such as those derived fiom 
MOPC-21 and MPC-1 1 mouse tumors available from the Salk Institute Cell Distribution Center. San Diego. 
CaUfbmiaUSA, and SV-2 ceils available from the American Type Oiltnre Collection, KockviUe, Maryland USA. 

20 Human myeloma and mouse-human heteromyeloma cell lines also have been described for the production of 
human monodooal antibodies {Kozbor, (1984) J. ImmunoL, 133J001;aHdBrodeuretaL Monoclonal Antihwlv 
Production Techniques and AppltcBttm^, pp.5t-63. Marcel Dekker. Inc.. New York, 1987). See, also, Boemer 
et al., (1991) J. Immunol., 147(1}:S6-9S and WO 91/17769, published Nov 28, 199 1, for techniques for fte 
production of human monoclonal antibodies. CuUnre medium in which hybridoma cells axe growing is assayed 

25 for production of monoclonal antibodies directed against the antigen of inteiest Ftefisrafaly, the binding 
specifid^ of monoclonal antawdies produced fay hybridoma cells is determined by unmunoprecipitation or by 
an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked immunoabsotbent assay (ELISA). 
The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis of 
Munson & Pollard, (1980) AnaL Biochem. 107220. After hybridoma cells are identified that produce 

30 antibodies of tiie desired specificity, affiniQr. mdior activity, the clones may be subcloned by limiting dilution 
ptoceduresandgrownbystandardmetbods. Godine. Mnnndnna! AntihoHiai- PrindnlatanrfPnirtir,. pp 
(Academic Press, 1986). Suitable culmre media for this purpose include, for example, Dulbecctfs Modified 
Eagle's Medium or RPMl-1640 medium. In addition, the hybridoma cells may be grown mjdxtt as ascites 
tumors in an animal. The monoclonal antibodies secreted by the subclones are suitably separated from ttie 

35 culture medium, ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxylapatite chromatograjrtiy, gel electrophoresis, dialysis, or affinity 
chromatography. 

Alternatively, it is now possible to produce tran^enic animals (e.g; mice) that are capable, upon 
immunization, of producing a fiill repertoire of human antibodies in the ^enoe of endogenous immunoglobulin 
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production. For example, it has been described that the homozygous deletion of the antibody heavy chain joining 
region (J|j) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 
productioii. Transfer of the human germ-Une immunoglobulin gene array m such germ-line mutant mice will 
result in the production of human antibodies upon antigen challenge. See, e.g.. Jakobovits et al. (1993) Proc. 
5 Nati. Acad. Sci. USA 90235I-2S3 and Jakobovits et al., (1993) Nature 362:255-258. 

In a fitrtfaer embodiment, aitibodies or antibo^ fi«gments can be isolated fiom antibody ^ 
generated using the tedmiques described in McCafHerty et a!., (1990) Nature, 348:552-554 (1990), using the 
antigen of interest to select for a saitableantibocty or antibody fieagment Clackson etal., (1991) Nature, 352:624- 
628 (1991) and Marks et al., (1991) J. MoL Biol., 22:581-597 describe the isolation of murine and human 

1 0 antibodies, respectively, using phage libraries. Subsequent publications descriibe the production of high af fmity 
(nM range) human antibodies by chain shuffling (Marie et aL, (1992) BIo/TedmoL I0:779-783X as well as 
oombinat(»-ial infection and m vivo recombination as a strategy fbr constructing very latge phage libraries 
(Waterhouse et al., (1993) Nuc. Acids Res^ 21:2265-2266). Thus, these techniques are viable altematives to 
traditional monoclonal antibody hytridoma techniques for isolation of "monoclonal" antibo<&s (especially 

1 5 human antibodies) which are encompassed by the present invention. 

Methods for famnaniang non-human antibodies are well known in the art Generally, a humanized 
antibody has cue or more amino add reddues introduced into it bom a source which is non-human. These non- 
human amino add tesiduK are often le&ned to as "import" residues, which are typically taken £nnt an "import" 
variable domain. Himianization can be essentially perfimned following the method cf Winter and co-workers 

20 (Jones etal, (1986) Nature 321:522-525; Riechmann et al. (1988)Nature 332:323-327; Veriioeyen et al., (1986) 
Sdence 239:1534-1536), by substituting rodent CDRs or CDR sequences for the corresponding sequences of 
a bmnan antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (Cabilly, supraX wherein 

a non-hnman species. In practice, humanized antibodies are typically human antibodies in wluch some CDR 
25 residues, and possibly some FR residues, are substituted by residues from analogous sites in rodent antibodies. 
It is important that antibodies be humanized with retention of high afiinity for the antigen and other favorable 
bido^cal properties. To achieve this goal, according to a preferred method, humanized antibodies are prepared 
by a process of analysis of the parental sequences and various conceptual humanized products using three 
dimenaonal models of the parental and humanized sequences. Hiree dunensional immunoglobulin modds are 
30 femiliartotiiosesldlledintbeatt Conipuler programs ate available which iBustrate and display ptDbabletinee- 
dimensional confonnational structures of selected candidate immunoglobulin sequences. Inspection of these 
displays pomits analysis of tiie likely role of the residues m tiie fimctioning of the candidate immunoglobulin 
sequence, f.e, the analysis of residues tiiat influence the ability of the candidate immunoglobulin to bind its 
antigen. In this way, FR rcskfaies can be sdected and combined from die consensus and impact sequaice so that 
35 the de»red antibody cbaracterislic,sudi as increased afRnity for the target antigen(sX is achle^ Forflirtiier 
details see WO 92/22653, published Dec 23. 1992. 

Immunoglobulins (Ig) and ceitam variants thereof are known and many have been prepared in 
recombinant cell culture. For tiie antibocUes described above, tiie use of human IgG] immunogkibulin sequences 
is prefened unce this stnicnire contains the CStl domain of die present mvention. For example, see U.S. Patent 
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No. 4,745,055; EP 256,654; Faulkner et aU (1982) Nature 298286 ; EP 120,694; EP 125.023; Monison, J. 
linmun. 123:793 (1979); KOhleret al, (1980) Proc. Natl. Acad. Sci. USA 77:2197; Raso et al., (1981) Cancer 
Res. 4 1:2073; Morrison etal., (1984) Ann. Rev. IiiinuiiioL2239; Monison, (1985) Science 229: 1202; Morrison 
et al., (1984) Proc. Natl. Acad. Sci. USA 81:6851; EP 255,694; EP 266,663; and WO 88A)3559. 
5 Ptefered antibodies within the scope of the present invention include anti-IL-8 (St John et al., ( 1 993), 

Chest, 103:932 and International Publication Na WO 95/23865); antrCI>lla(FUc3ieretaL, Blood, 7724^256, 
Steppe et al., (1991), IVansplant Ihtl. 43-7, and Hoiumant et aL, (1994), Ttaisplantation 58:377-380); anti-IgE 
(Presta et al., (1993), J. ImmunoL 151:2623-2632, and Lmemational Publication No. WO 95/19181); anti-HER2 
(Carter et al., (1992), Proc. Natl. Acad. Sci. USA, 89:4285-4289, and International Publication No. WO 
1 0 92/20798); antl-VEGF (Jin Kim et al, (1992) Crowtii Fartors, 7:53-64, and International Publication No. WO 
96/30046); and onti-CDZO (Maloney et aL, (1994) Blood, 842457-2466, Liu et al.. (1987) J. Immunol., 
130:3521-3526). 

fin Immunoadhesin preparation 

Chimeras constructed from an adhesin binding domain sequence linked to an appropriate 
15 immunoglobalm constant domain sequence (immunoadhesins) are known in the art Immunoadhesins reported 
in the literature include fiisicMis of CD4 (Capon et al., (1989) Nature 337:525-53 1; Traunecker et al., (1989) 
Nature 339:68-70; Zettmeissl et al.,(I990) DNA Cell BioL USA 9:347-353; and Bym et al.,(1990) Nature 
344:667-670); L-selecfin Qioming rec^) (Watson et al., (1990) J. CelL Biol. 1 10:2221-222^, and Watson et 
aL, (1991) Nature 349:164-167); CD44 (Aniffoet aL, (1990) Cell 61:1303-1313); CD28 and B7 (Linsley et al., 
20 (1991) J. Exp, Med. 173:721-730); CTLA-4 (Lislcy et al., (1991) J. Exp. Med. 174:561-569);. CD22 
(Stamenkovic et al., (1991) Cell 66:1133-1144); TNF receptor (Ashkenazi et al.,(1991) Proc. Nad. Acad Sci. 
USA 88: 10535-10539; Lesslauer et aL, (1991) Eur. J. Immunol. 272883-2886; and Pefipel et al, (1991) J. Exp. 
Med. 174:1483-1489); andlgEteceptnra(Ridgwagr and Gomian, (1991) J. CeU. BioL 115: AbsttactNa 1448). 
Typically, in such fusions the encoded chimeric polypqitide will retain at least fimctianally active hmge, 
25 CH2 and CH3 domaias of the constant re^on of an immunoglobulin heavy chain. Fusions axv also made to the 
C-teiminus of the Fc portion of a constant domain, or immediately N-4eiminal to the CHI of the heavy chain or 
the coiresponding region of the light chaiiL The precise site at which the fusion is made is not critical; particular 
sites are well known and may i>e selected in order to optimize the biotogical activity, secretion, or bindmg ■ 
characteristics of the la. 

30 In a preferred embodiment, the adhesin sequence is fiised to the N-tnmuius of the Fc douiam of 

immunoglobulin G| CIgG]X It is possible to foso die entire heavy chain constant region to the adhesin sequence. 
However, more preferably, a sequence beginning in the hinge region just upstream of the papain cleavage site 
which defines IgG Fc chemically {ie. residue 216, taking the first residue of heavy chain constant region to be 
1 14), or analt^ous sites of other immunoglobulins is used in the fusion. In a particularly preferred embodiment, 

35 the adhenn amino acid sequence is fiued to (a) the hinge region and CH2 and CH3 or (b) the CHI, huige, CH2 
and CH3 domains, of an IgG, heavy chaui. The precise site at which the fiision is made is not critical, and the 
optimal site can be detennined by routine experimentation. 

Forbispecific hnmunoadhesins, the innnunoadhesnis are assembled as muUimers, and particularly as 
heterodimers or hetootelramers. Generally, these assembled immunoglobulins will have known unit diuctuies. 
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A basic four chain structural unit is the fonn in which IgG, IgD, and IgE exist. A four chain unit is repeated in 
the higher molecular weight immunoglobulins; IgM generally exists as a pentamer of four basic units held 
together by disulfide bonds. IgA globulin, and occasionally IgG globulin, may also exist in multitneric form in 
serum. In the case of multimer, each of the fbur units may be the same or difRerent 
S Vatious exemplaiy assembled immunoadhesins within the scope herein are schematically diagramed 

below: 

(a) ACh-[ACh. ACl-ACh, ACl-VhCh, or VlCl-AChI; 

(b) ACl-ACh-[ACl-ACh. ACl-VhCh, VlCl-ACh, or VlCl-VhCh]: 

(c) ACl-VhC„-[ACh. or ACl-VhCh, or VlCl-ACji]; 
10 (d)Vi,CL-ACH-[ACL.VHCH,orVLCL-ACH];and 

(«')[A-Y]„-[VlCl-VhCh]3. 
wherein each A represents identical or difToent adhesin amino acid sequences; 
Vl is an immunoglobulin light chain variable domain; 
Vjj is an immunoglobulin heavy chain vstiable domain; 
IS Cj^isan immunoglobulin light chain constant domain; 

C{j is an immunoglobulin heavy chain constant domain; 
n is an integer greater than 1; 

Y designates the residue of a covalent cross-linking agent. 

In the tnteiests of brevity, the finegoing structures only show key features; they do not ihdicatB joining 

20 (J) or other domains of the immimc^tobulins. nor are disulfide bonds shown. However, where such domains are 
reepiired fbr binding activity, they shall be constnRted to be piesem in the ordinaiy locations which they occupy 
in the immmioglobulhi molecules. 

Alternatively, the adhesm sequences can be inserted between immunoglobulin heavy chain and light 
Cham sequences, such that an immmioglobulin comprising a chimeric heavy chain is obtained. In this 

25 embodiment, the adhesin sequences are fiised to the 3' end of an fannnmoglobulin heavy chain in each ami of an 
immunoglobuHn, either between the hmge and the CH2 domain, or between the CH2 and CH3 domains. Similar 
constructs have been reported by Hoogenboom, et al., (1991) Mol. taimunol. 28:1027-1037). 

Although the presence of an immunoglobulin light ch^ is not requited in the immunoadhesins of the 
present invention, an immunoglobulin light chain might be present either covalently associated to an adhesin- 

30 immunoglobulin heavy chain fiision poljpeptide, or directly fiased to the adhesin. In the former case, DNA 
encodmg an immunoglobulin light chain is typically coexpressed with the DNA encoding the adhesin- 
unmunoglobulin heavy chain fusion protein. Upon secretion, the hybrid heavy chain and the light chain will be 
covalently associated to provide an immtmoglobulin-like structure comprising two disulfide-linked 
immunoglobulin heavy diain-light cham pairs. Methods suitable for the preparation of such structures are, for 

35 example, disclosed m U.S. Patent No. 4,8 1 6,567, issued 28 March 1 989. 

Immunoadhesins are most conveniently constructed by fiising the cDNA sequence encoding the adhesin 
portion in-fitame to an Ig cDNA sequence. However, fiision to genomic Ig fiagnients can also be used (see, e.g. 
Anififb et al, (1990) Cell 61:1303-1313; and Stametikovicetal, (I99I) CeU 66:1133-1144). TTie latter type of 
fiision requires the presence of Ig regulatory sequences for expression. cDNAs encoding IgG heavy-chain 
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constant regions can be isolated based on published sequences from cDMA libraries derived fiom spleen or 
perii^eral blood lymphocytes, by hybridization or by polymerase chain reaction (PGR) techniques. The cDNAs 
encodii(g the "adbesin" and the Ig parts of tiie immunoadhesin are inserted in tandem mto a plasmid vector that 
directs efficient expression in the chosen host cells. 
S In a prefeiredeinbodnnent, fix immunoglobulin sequences used in the construction of the glycoproteins 

such as the antibodies and immunoadhesins of the present invention are from an IgG immunoglobulin heavy 
Chun CH2 constant domain. For example, the use of human IgG, immunoglobulin sequences is prefemid 
because this structure contains the preferred CH2 domain of the pnesent invention. A major advantage of using 
IgG, is that IgG 1 can be purifled efficiently on immobilized protein A. In contrast, purification of IgG3 requires 

10 protein G, a significantly less vcmtile medirnn. However, other structural and fimctional properties of 
immunoglobulins should be considered when choosing the Ig CH2 domain &r a pardcular glycoprotein. For 
example, the IgG3 hinge is longer and more flexible, so it can accommodate larger "adhesin' domains that may 
not fold or function properly when fused to IgG , . Another consideration may be valency; IgG imimmoadhesins 
are bivalent homodimen, whereas Ig subtypes like IgA and IgM may give rise to dimeric or pentameric 

1 5 stnictuies, respectively, of the basic Ig homodimerunit. For antibodies and inmiunoadhesins designed for in vivo 
application, the phaimacokinetic properties and the effector functions specified by the Fc region are important 
as welL Although IgG,, IgGj and IgQ^ all have jn sfara half-lives of 21 d^, their relative potencies at 
activating the complBinent system are different. IgG4 does not activate'complement, and IgGj is significandy 
weaker at complement activation dian IgG,. Moreover, unlike IgG, , IgG^ does not bind to Fc receptors on 

20 mononuclear cells or neutrophils, this may be due to the differences in CH2 domsns utilized in these iso^s. 
While lgG3 is optimal for complemem activation, its iama half-life is approximately one thud of the other IgG 
isotypes. Another important consideration for immunoadfaesins deigned to be used as human tiierapeutics is 
the number of allotypic variants of the particular isotype. In general, IgG isotypes widi ftwer serolog^ly- 
defined allotypes are preferred. For example, IgG , has only four serologically^defined allolj^c sites, two of 

25 which (GIm and 2) are located in the Fc r^'on; and one of liiese ates, GIml, is non-imimmoeenic. In contrast, 
there are 12 scrologically-defined allotypes in IgG3, all of which ate in the Fc regkm; only three of these sites 
(G3ni5, 1 1 and 21) have one allotype which is nonimmunogenic. Thus, the potential immunogenicity of a y3 
immunoadhesin is greater than that of a y I immunoadhesin. Prefenred amoitg the immunoadhesins are those 
comprising at least the IgGI CH2 domain as described herein above. 

30 Preparing the Gtvconrotem 

DMA encoding the glycoproteins of the bivention is readfly isolated and sequenced ushig convention^d 
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the 
heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a prefenred source 
of such DNA. Once isolated, the DNA msy be placed into expression vectors, which are then transfected into 

35 host cells such as simian COS cells, Chhiese hamster ovary (CHO) cells, or myeloma cells that do not oflierwise 
produce immunoglobulin protnn, to obtain tlie synthesis of the glycoprotein, for example monoclonal antibodies, 
in the recombinant host cells. 

Various tedmkpies for makitig and isolating antibody and inununoadbesms and the like directly from 
recombinam cell culture have also been described. In particular, the cells which esqxess the desired glyccpiotem 
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should express or be manipulated to express the particular enzymes such that under the appropriate conditions, 
the appropriate post-translational modification occurs ia vivo . The enaymes include those enTymes necessary 
for the addition and completion of N- and O- linked carbohydrates such as those described in Hubbaid and Ivan 
supra for N-linked oligosaccharides. The enzymes optionally include oligosacchaiyltransferase, alpha- 
S glucosidase 1, alpha-glocosidase II, ER a]pha(l,2}mannosidase, Golgi alpha-mannosidase I, N- 
acetylyghicosaminyltransferase I, Golgi alpha-mannosidase II, N-acetylyglucosaminyltransferase II, 
alpha(l,6)fucosyltransfcrase, and p(l,4)galactosyltransferasc 

Typically, the ceils are capable of expressing and secreting large quantities of a particular glycoprotein 
of niteiest into the culture medium. Examples of suitable mammalian host cells within the context of the present 

1 0 invention may include Chinese hamster ovary cells/-DHFR (CHO, Uriaab and Chasin, Proc. Natl. Acad. Sci. 
USA, 77:4216 [I980D; dpl2.CHO cells CEP 307,247 pubUsbed 15 March 1989); monkey kidney CVI Ime 
tiansfonned by SV40 (COS-7, ATCC CRL 16S1); human embryonic kidney line (293 or 293 cells subcloned 
for growth in suspension culture, Graham etaL,S. Gen Viiol, 36:59 [1 977]); baby hamster kidney cells (BHK, 
ATCC CCL 10); mouse Sertoli cells (TM4, Mather, BioL Reprod., 23:243-251 [1980]); monkey kidney ceUs 

15 (CVI ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical 
carcinoma ceUs (HELA, ATCC CCL 2); canine kidney cells (MDCK. ATCC CCL 34); buffalo rat liver cells 
(BRL 3A. ATCC CRL I442);himian buigceUs (WISR, ATCC CCL 75); human Uver cells (Hqj 02, HB 8065); 
mouse mammary tumor (MMT 060562, ATCC 0CL5I); TRI cells (Maflicr et a/.. Annals N.Y. Acad. ScL, 
383:44-68 [1982]); MRC 5 cells; FS4 ceHs; and a human hepatoma line (Hep G2). 

20 Preferred host cells include Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. 

Acad. Sci. USA, 77:4216 [1980]); dpl2.CH0 ceUs (EP 307,247 published 15 March 1989). 

For the culture of die mammalian cells expressing the desired protein and capable of adding the desired 
caAohydiates at specific posilioiis, numerous culture conditions can be used paying particular attHUtion to the 
host cell being cultured. Suitable culture commons for mammalian cells are well known in the art (J. Immunol. 

25 Methods (1983)56:22 1-234) or can be easily detennmed by the skilled artisan (see, ibr example. Animal Cell 
Cuihire: A Practical Approach 2nd Ed., Riclcwood, D. and Hames, B.D., eds. Oxfad Univeisity Press, New Yoik 
( 1992)), and vary according to the particular host cell selected. 

The glycoprotein of inteiest pieierab^ is leccvered fiom ifae culture medhim as a secreted polypeptide, 
although it also may be recovered from host cell lysales. 

30 As a fast step, the culture medium or lysate is centrifiiged to remove particulate cell debris. The 

polypq>tide thereafter is purified finun contaminant soluble proteins and po^peptides, with the following 
procedures being exemplary of suitid^le purification procedures: by fractionation on immunoaffinity or ion- 
exdiange columns; ethanol precipitation; reverse phase HPLC; chromatography on silica or on a cation-exchange 
resin such as DEAE; cfaromatofocusmg; SDS-PAGE; ammoniinn sulfate precipitation; gel filtration using, for 

35 example, Sephadex G-7S; and protein A Sepharose columns to remove contaminants such as IgG. A protease 
inhibitor such as phenyl mediyt sulfonyl fluoride (FMSF) also may be usefiil to inhibit proteolytic degradation 
during purification. One skilled in the ait will appreciate that purification methods suitable for the polypeptide 
of interest may require moditication to account for changes in the character of the polypeptide upon expiession 
in recombinant cell culture. 
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EspeciaUy prefeired within the context of the present invention are punfication techniques and processes 
which select for the carbohydiates of the invention. 
Prepararion of G2 Olvcofbmi^ 

The attachment of a galactose residue to an existing glycan involves the transfer of a galactose moi^ 
5 from an activated galactose containing compound to the glycosyl moiety of the CH2 domain. Hie transfer of 
galactose is catalyzed fay a galactosyhransfoase txayma. 

While the skilled artisan will recognize that any of several art standard procedures can be employed for 
the additkm of a sugar to a pieexisting oligosaccharide chain, the invention preferably utilizes those procedures 
that result in complete g^la^ylation of the sample as described herein. By complete galactosylation of the 
1 0 sample is meant duit each antemtaiy stnicture of ilie native biameonaiy oligosaccharide lenninates in a galactose 
residue. More particularly the reaction is compiete if substantially all N-linked oligosaccharides are of the G2 
varie^. 

According to the present invention a method for producing tiie compositions of the uiventioo comprisitig 
the steps of reacting in an aqueous buffered solution at a temperature of about 25-40 C; 
IS a) a metal salt at a concentration of about S mM to about 25 mM; 

b) an activated galactose at a concentration of about 5 mM to about 50 mM; 

c) a galactosyltransferase at a concentration of about I mUnit/ml to about 100 mUnit/ml; and 

d) a substrate glycoprotein; and 
recovering the glycoprotein, . 

20 As used herein the tenn galactose (gal) and galactose residue and the like refer to D and L {-W-) 

galactose. Preferably flie gal is D-(+)-g9lact05e which has been reported as a naturally occurring gal in various 
animal species. 

The activated galactose containing compound is generally a uridine diphosphate (UDP)-galactose. 
Uridine diphosphate-galactose and other donor sugars, which are capable of transfeiring galactose to N-linked 
25 oligosaccharides. 

Metal salts include for exanqile, MnCI2, BaCI2, C^CI2, and others. 

The galactosyl tiansferase used in accordance with the presem invention is preferably a pi-4 transferase 
and catalyzes die transfer of a galactose moiety from the activated substrate to the glycosyl compound. The 
gatactosyhransfeiase enzymes aie substrate specific and are named according to their substrate specificity. The 

30 galactosyltransflnase designated beta 1-4 refers to a galactosyl transferase that catalyzes the transfer of galactose 
to tiie hydroxy! group of a glycosyl acceptor compound. Exemplary galactosyltransferases usefiil witfam the 
context of tiie present invention are from human, bovine, mouse, hamster, or, monkey origm. 

Galactosyltransferases are commercially available (Sigma Chemical Co., SL Louis, Mo.; Boehringer 
Mannheim, Indiansqjolis, Ind. and Genzyme, Cambridge IVIA). Alternatively galactosyl transferases are isolated 

35 and purified from animal tissue such as bovine (Boeggeman et al., (1993) Prot. Eng. 6(7):779-785;hunian 
Schweinteck (1994)Gene 145(2):299-303;Kleeneet aL, (1994)Biochem. Bkiphys. Res. Commun. 201(1):160- 
167; Chatteijee et aL, (1995) Int J. Blochem Cell. BioL 27(3):329-336; Heimann et al., (1995) Protein. Expr. 
Puri£6(l):72.78). 
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The concentration and amount of the various reactaats described above depend upon a number of 
factors including reaction conditions such as temperature and pH and the amount of glycoprotein to be 
galactosylated. While the present method is ifaougitt to be generally applicable to all glycoproteins preferred 
glycoproteins for use in the present method are glycoproteins comprising at least the CH2 domain of 
S immunoglobulins as described above. 

The galactosyltransfiaase is used in a catalytic amount. By catalytic amount is meant an amount of 
galactosylBansferase at least sufficient to caitalyze in a non-rate-Umitmg manner the conversion of the enzyme's 
substrate to product The catalytic amount of a particular enzyme varies according to the amount of a particular 
enzyme substrate as well as reaction conditions such as temperature, time and pH value. Enzyme amounts are 
10 generally expressed in activity units. One unit catalyzes the formation of 1 fimol of product at a given 
temperature (typically 37° C) and pH value (typically 7.5) per minute; Thus 10 nnits of an enzyme is the 
catalytic amount of that en^Fine such that 10 |imol of substrate are converted to 10 )imols of product in one 
minute at a temperature of 37° C and a pH of 6.5 to 7.5. 

The reaction comprises mbcing at least the above ingredients in a suitable aqueous environment to form 
15 a reaction mixture and maintaining the reaction mixture under the conditions of temperature, pH, osmolality, 
ionic composition and ambient temperature for a period of time sufficient to complete the reaction. 

Hie selection of particular conditions depends primarily upon the amount of glycoprotein present The 
tempeiatiire can lai^ from about 20 C to about 40 C. PreEsrably the temperature tanges fivm about 25 to about 
40 C The pH value can range tma about 6.0 to about 1 1 .0 pre£eiably the pH value is from about 6.5 to about 
20 8.5 and tncie preferably about 73. The pH is maintained by the addition of a suitable buffer to the reaction. The 
buffer is devoid of phosphate, EDTA, EGTA and other chelators that bind Mg-H- or Mn++. The selection of 
buffer is based upon the ability of the buffer to maintain the pH at about the desired pH level. Where the pH 
value is 7.5 the preferred buffets are socUum cacodylate and MES. 

hi an exemplary method, the glycoprotein samples (e.g. C2B8, anti-HER2, anti-VEGF, anti-IgE and 
25 TNFR-IgG) at 10 mg m 0.5 ml, are buffer exchanged into 50 mM sodium cacodylate buffer. pH 7. 1 (final vol. 
1.0ml). SO ^1 each of 100 mM UDP-Gal and 100 mM MhC^ are added to the glycoptotem solution. The (31,4- 
galactosyltransferase (pi ,4GT; lyophiUzed powrder) is reoonstitoted in 50 mM sodium cacodylate bufffcr, pH 7. 1 , 
at a concentration of 1 mU/ml. 50 fj\ of this sohition is added to the reaction mixture and incubated at 37*'c for 
48 hr. The reaction is stopped by cooling the reaction vial on ice (4*0) for 10 min and the galactosylated 
30 antibody is purified on a protein A column. 
Preparation of 0-2 Glvcoforms 

The removal of a galactose and an N-acetylglucosamine residue from an existing glycan can be 
accomplished by methods known to those skilled in the ait and involves the use of appropriate enqnmes for the 
removal of tlie particular residue. Removal of galactose residues is accomplished using galactosidases that 
35 recognize the teimmal galactose as substrate. Appropriate galactosidases are known to those skilled in the art 
and include P-D-gaJctOSidases form Diplococcus pnetmoniae, jack bean, bovine testis, anc chicken liver. 

likewise, lenwval of termbial N-acetylghicosamine stnictuies can be accomplished using appiopriate 
N-acetylglucosaminidases available to the skilled artisan. Appropriate enzymes fiir the removal of N- 
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acetylglucasamine tenninal residues inchide N-acety 1 p-D-glucosamindases from Diptococcus pneumoniae, jack 
bean, and bovine testis and chicken liver. 

Wbile the skilled aitisan will recognize that my of several art standard procedures can be employed for 
the removal of a sugar fiom a preexisting oligosaccharide chain, the invention preferably utilizes a procedures 
5 that results in complete degalactosylation of the sample as well as complete removal of N-aoetylglucosamine. 
By complete degalactosylation of the sample is meant that each antennaiy structure of the native biantennary 
oligosaccharide terminates in an N-acetylglucosamme residue following the removal procedure. More 
particularly the reaction is complete if substantially all N-Hnked oligosaccharides are of the GO variety following 
treatment Likewise, by complete removal of N-aceQrlglucoseamine is meant that each anteimary structure of 
10 the native biatitenneiy oligosaccfaaiide tenninates with a mamiose residue following the removal procedure. 
More particularly the reaction is complete if subslanttally all N-linked oligosaccharides are of the G-2 variety 
followii^ treatment 

An exemplaiy procedure employs two appropriate enzymes in a smgle step procedure. For example, 
a glycoprotein comprising a CH2 domam such as an antibody (5-10 mg) is buffer-exchanged into 100 mM 

15 citrate-phosphate buffer, pH 5.0, using MAP-5 columns (Pharmacia). P-Galactosidase (40 mU/mg protein, 
DIplococcus pneumoniae, Boehringer Mannheim) and N-acetyl-p-D-glucosamtnidase (40 mU/mg protein, 
Diplococau pneumoniae Boehringer Mannheim or jack bean enzyme from Sigma) are added to 5- 1 0 mg aiiquots 
of protein and incubated at 3TC far 12-24 hrs. The IgG samples are purified on a Protein A column. The 
purified proteui is subjected to electrospraiy ionization mass spectrometry, capillary electrophoresis for 

20 carbohydrate analysis to confirm complete removal of die galactose and N-aoetylglucosamine residues. 
Analysis of flic qiYCpprotein 

The complex carbohydrate portion of the glycoprotein produced by the processes of the present 
invention may be readily analyzed to determine that the reaction described above is complete. The 
oligosaccharide are analyzed by conventional techniques of catiMhydrate analysts such as those described in the 

25 accompuiying Figures and Examples. Thus, for example^ techniques such as lectin bbtting, wdl-known hi the 
art, reveal proportions of termmal mannose or other sugars such as galactose. 

The carbohydrate structures of the present invention occur on the protein expressed as G2 or G-2 N- 
linked oligosaccharides. Several methods are known in the art for glycosylation analysis and are useful in the 
context of the present invention. Such methods provide information regarding the identic and the composition 

30 of the oligosaccharide attached to the peptide. Methods for carbohydrate analysis useful in the present invention 
include but are not lunited to lectin chromatography; HPAEC-PAD, which uses high pH anion exchange 
chromatography to separate oligosaccharides based on charge; NMR; Mass sfwctrometty; HPLC; GPC; 
monosaccharide compositional analysis sequential enzymadc digestion. 

Additionally, methods for releasing ol^osaccharides are known. These methods include 1 )enzymatic, 

35 which is commonly performed using peptide-N-glycosidase F/endo-p-galactosidase; 2) elimination using harsh 
alkaline enviromnent to release miunly 0-lmked structures; and 3) chemical methods uang anhydrous hydrate 
to release both N-and O-linked oligosaccharides 
Analysis can be performed using the following steps: 
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1> Dialysis of tiie sample against deionized water, to remove all buffer salts, followed by 
lyopiiilization. 

2. Release of intact oligosaccharide chains with anhydrous hydrazine. 

3. Treatment of the intact oligosaccharide chains with anhydrous methanolic HCl to liberate 
individual monosaccharides as Omelhyl derivative. 

4. N-acetylation of any primary amino groups. 

5. Derivatizatian to give per-O-trimethylsilyl methyl glycosides. 

6. Sepantioo of these derivativei, fay capfllary GLC (gas -liquid chromatography) on a CP^ILS 

column. 

7. Identification of individual glycoside derivatives by retention time from the GLC and mass 
spectroscopy, compared to known standards. 

8. Quantitation of individual derivatives by FID wiA an internal standard 
( 13-O-methyl-D-glucose). 

Neutral and amino-sugars can be determined by high perfbmiance anion-exchange chromatography 
combined with pulsed amperometric detection (HPAE-PAD Carbohydrate System, Dionex Corp.). For instance, 
sugars can be released by hydrolysis in 20% (v/v) trifluoroaceric acid at 1 00 C for 6 h. Hydrolysates are then 
dried by lyophilization or with a Speed-Vac (Savant Instnanents). Residues are then dissolved in 1% sodium 
acetate trihydrate solution and analyzed on a HFLC-AS6 column as described by Anumula attd. (Anal. Biodum. 
195269-280(1991). 

Sialic acid can be detemiined separately fay the direct colorimetric method of Yao & td. (Anal Biochem. 
1 79:332-335 (1989)) in triplicate samples. In a prefemed embodnnent the tfaiobaibaturic acid (TOA) of Wanen. 
L. J. Biol Chem 238:(8) (1959) is used. 

Attematively, nnmunoblot carbohydrate analysis may be performed. According to this procedure 
protein-bound carbohydrates are detected using a commercial glycan detection system (Bodiringer) which is 
based on the oxidative immunoblot procedure described by Haselbeck and Hosel [Haselbeck et ed. 
Glycoconjugate J., 7:fi3 (1990)]. The staining protocol recommended by the manu&ctnrer is followed except 
that the protein is transferred to a polyvinylidene (^fluoride membrane instead of nitrocellulose membrane and 
the blocking buffers contained 5% bovine serum albumin in 10 mM tris buffer, pH 7.4 with 0.9% sodium 
chloride. Detection is made with anti-digoxigenin antibodies linked with an alkaline phosphate conjugate 
(Boehringer), 1 : 1000 dilution in tris buffered saline using the phosphatase substrates, 4-nitroblue tetrazolium 
chloride, 0.03% (w/v).and 5-bromo-4 chloro-3-indoyl-phosphate 0.03% (w/v)in 100 mM tris buffer, pH 9.5, 
containing 100 mM sodium chloride and 50 mM magnesium chloride. The protein bands containing 
carbohydrate are usually visualized in about 10 to 15 min. 

The carbohydrate may also be analyzed by digestion vrith peptide-N-glycosidase F. According to this 
procedure the residue is suspended in 14 1 of a buffer containing 0. 1 8% SDS, 1 8 mM beta-mercaptoethanol, 90 
mM phosphate, 3.6 mM EDTA, at pK 8.6, and heated at 100 EC for 3 min. After cooling to room temperature, 
the sample is divided into two equal parts. One aliquot is not treated further and serves as a condnl. The second 
fiactlon is adjusted to about 1% "VSB-m detergent followed by 0.2 units of peptide-N-glycosidase F (Boehringer). 
Both samples are warmed at 37° C for 2 br and then analyzed by SDS-polyaciylamide gel electrophoKsis. 
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Preferred mediods of analysis include those described for the analysis of antibody associated 
oligosaccharides and described in, for example Woiald et al., (1997) Biochem. 36:1370-1380; Sheeley et al. 
(1997) Anal. Biochem. 247: 102-110 and Cant et al., (1994) Cytotechnology 15:223-228 as well as the 
references cited therein. 

5 The recovered glycoproteins are purified according to knovm techniques employed in antibody 

preparations as described herein. The recovered purified antibodies are analyzed to cooiiiin primary and 
secondary structure as described herein and in the Figures and Examples. Techniques for tiie analysis of mtact 
glycoproteins are known in the art (Cant et al., (1994) Cytotechnology 15:223-228; Iwase et al., (1996) J, 
Biochem. 120:393-397; Sheeley etal., (1997) Analytical Biochemistry, 247: 102-1 10). Typically the strucniral 

1 0 analysis is followed by fiinctional analysis. As will be appreciated by the skilled artisan the constant domains 
are not involved directly in binding an antibody to an antigen, but exhibit various effector functions, such as 
participation of tiie antibody in antibody-d^endent cellular toxicity and complement mediated cell lysis. The 
binding site on IgG for Clq, the first component of the complement cascade has been localized to the CH2 
domains. Therefore standard analysis such as assays fbr complement dependent cytotoocicity such as those 

15 described for anti CD-20 antibodies are appropriate (Gazzano-Santoro et al., (1997) J. Immunol. Methods 
202:163-171). Assays for antigen-mediated aggregation of IgGl, lgG2 and IgG3 initiates complement 
activation, binding of IgG to the high aflini^ Fc receptors on monocytes which can stimulate those cells to 
elimuiate the antigen to which the Ig is bound are appropriate for analyzing the functional activity of the 
recovered glycoprotein as well. 

Use of the glycoproteins of Hie piesem invention as therapeutic compositions is an embodiment of the 
invention. The uses generally disclosed herein arc provided as guidance for the use of die preparations in 
general. The monoclonal antibody C2B8 (anti-CD20) is pnmded as an example of a monoclonal antibody 
developed for cancer treatment as noted above. 

25 Ilierapeutic formulations of an antibody are prepared for storage by mixing the antSrady having the 

desired degree of purity with optional physiologically acceptable carriers, exciirients, or stabilizers (Remington's 
Pharmaceutical Sciences, 16th Edition, Osol., A., Ed., (1980)), in the form of lyophilized cake or aqueous 
solutions. Pharmaceutically acceptable carriers, excipients, or stabilizers are non-toxic to recipients at the 
dosages and concentrations employed, and include buffers such as phosphate, citrate, and oQier organic acids; 

30 antioxidants including ascorbic acid; low molecular weight (less than about 10 residues) polypeptides; proteins, 
such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino 
acids such as glycine, glutamine, asparagme, aiginine or lysuie; monosaccharides, disaccharides, and other 
caiixiiiydrates including ghicose, mannose, or dex&ins; chelating agents such as EDTA; sugar alcohols such as 
mannitol or sorbitol; salt-fonning counterions sudi as sodium; and/ornoniontc surfactants such as Tween™, 

35 Pluronics™, or polyethylene glycol (PEG). 

A antibody to be used for ig vivo adminisdation must be sterile. Tius is readily accomplished by 
filtration through sterile filtration membranes, prior to or followmg lyophilization and recoostitution. Hie 
formuladon ordinarily will be stored in lyophilized form or in solution. 



-24- 



wo 99/22764 



PCT/US98yf21925 



Therapeutic an^xxly compositions generally are placed into a container having a sterile access port, 
for example, an intravenous sohition bag or vial having a stopper pierceable by a hypodermic injection needle. 

The route of administiatiatt is in accord with known methods, e,g., injection or infiision by intravenous, 
intraperitonieal, intracerebral, mtramuscular, intraocular, intraaiterial, or intralesional routes, or by sustained- 
5 release systems as noted below. The antibody is administered continuously by infusion or by bolus injection. 

A cancer patient to be treated with an antibody as an antagonist as disclosed herein may also receive 
radiation therapy. Alternatively, or in addition, a diemotherapeutic agent may be administered to the patient. 
Preparation and dosing schedules for such chemotheiapnitic agents may be used according to manufacterers' 
instructions or as detennined empirically by the skilled practitioner. Preparation and dosing schedules for such 
1 0 chemotherapy are also descr3»d in Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD 
(1992). The chemctherapeutic agent may precede, or follow administration of the antagonist or may be given 
simultaneously tfaeKwhfa. For cancer indications, it may be desirable to also administer antibodies against tumor 
associated antigens or against angiogenic factors, such as antibodies which bind to HEK2 or vascular endothelial 
factor (VEGF). Alternatively, or in addition, one or more cytokines may be co-administered to the patient 
1 5 An effective amount of antibody to be employed therapeutically will depend, for example, upon the 

therapeutic objectives, the route of administration, and the condition of the patient Accordingly, it will be 
necessary for the therapist to titer die dosage and modiify the route of administration as required to obtain the 
maximum tiierapemic effect A typical dosage might range fnm about 1 |ig/kg to up to 100 mgflcg of patient 
body Wright, pref^ly about 10 pg/kg to 10 mg/kg. Typically, tiie cmiician will administer antagonist until 
20 a dosage is reached that achieves the desu«d effect for treatment of the above mentioned disorders. For C2B8 
reference is made to International Publication No. WO 94/1 1026 and EP B 669836, the disdosuics of whidi are 
specifically incorporated herein by reference. 

Routes of administration for the individual or combined ther^eutic compositions of the present 
invention include standard routes, such as, for example^ intravenous infiision or bolus injection. 
25 The invention fiiitiier provides an article of manufactoie and kit containing materials useful for the 

treatment of cancer, for example. The article of manufoctme comprises a container with a label Suhable 
containers include, for example, bottles, vials, and test tubes. The containers may be formed from a variety of 
materials such as glass or plastic. The container hokls a composition comprising the glyc«qjrotein preparations 
described herein. The active agent in the compoation is llie particular glycoprotein »ich as C2B8. The label 
30 on the container indicates that the composition is used for the treatment or prevention of a particular disease or 
disorder, and may also indicate directions for jn vivo, such as those described above. 

The kit of the invention comprises the container descrUied above and a second container comprising 
abuffer. It may fintherihchule other niateiials desirable from a commeRlal and user standpoints^ 
buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. 
35 HiefollowingexamplesareofferedbywiQi'ofillustrationBndnotbywayoflimitaiion. Hiedischisures 

of all citations in the specification are expressly tncorpoiated herein by reference. 
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EXAMPLES 
EXAMPLE I 

Introduction 

Substantially hcmu^nous glycoprotein preparations are prepared with reference to the following 
S Examples 
Methods 

The chimeric monoclonal anti-CD20 antibody (IDEC-C2B8) was produced and purified as described 
previously (Liu et al.. (1987) J. Immunol. 139:3521; Maloney ct al., (1994) Blood 84:2457). Other IgG 
molecules such as anti-HER2 (anti-PISS"^^ Carter et al., (1992) Proc. natl. Acad. Sci. USA 89:4285X anti- 

1 0 VEGF (Kim et al., (1992) Growth Factors 7:53-64), anti-IgE (Presta et al., (1993) J. Immunol. 1 5 1:2623) and 
TNFR-IgG (tumor necrosis fector receptop-IgG; Ashlcenazi et al., (199 1) Proc. Natl. Acad. Sci. USA 8 8: 1 053 5) 
were produced by recombinant DNA techniques and cjqiiessed in CHO cells. pi,4-galactosyltransferases from 
human and bovine sources were from Boehringer Mannhemi (Indianapolis, IN) and Sigma Chemical Co. (St. 
Louis, Mo) respectively. UDP-Gai was obtained from Boehringer Mannheim (Indianapolis, IN). Penicillin, 

1 5 streptomycin, glutamine, HEPES, lyophilized rabbit serum and human seium used as the source of complement 
were purchased from GIBCO-BRL (Grand Island, NY). Fetal bovhie serum was purchased from Hyclone 
Laboratories (Logan, UT). Bovine serum albumin (BSA) and T^an blue were purchased from Sigma Chanical 
Co. (St. Louis, Mo). Alanar blue reagent was from Aocumed International (Westlalse, OH). NAP-5 and Protein 
A-Sepharose cohunns were [Hirchased from Pharmacia (Sweden). Sodium cyanoborofaydride m tetrahydrofinan 

20 was from Aldrich Chemical Co. 
IDEC-C2B8 

1DEC-C2B8 was formulated at 10 mg/ml in 25 mM so(Uum citrate^ ISO mM sodium chloride, and 0.07 
mg/mL Polysorbate 80 at pH 6 J. 

EXAMPLE II 

25 Enzyme digestion procedure: IgG samples (5-10 mg) were buffer-exchanged into 100 mM citrate-phospbalB 
buffer, pH S.O, using NAP-5 columns (Phannacia). . p-Galactnsidase (40 rnUAi^ protein, D^loeoccus 
pneumoniae, Boehringer Mannheim) and N-acetyl-P-D-glucosarainidase (40 mU/mg protein, Diplococcus 
pneumoniae, Boehringer Marmheim or jack bean enzyme from Sigma) were added to 5-1 0 mg aliquots of protein 
and incubated at 37*C for 12-24 hrs. The IgO samples were purified on a Protein A column. ITie purified 

30 protem was subjected to electrospray ianizaiion mass spectrometry, capillary electrophoresis for carbohydrate 
aiudysis. The tnoactivity was examined by COG bioassay, binding assay and Clq binding smdies. 

Figure I A. Figure IB and F^re IC depict ol^accharide anaEysls of an ami-CD20 monoclonal 
antibody C2B8 by capilbry electrophoresis with laser-induced fluorescence drtection. In Figure lA C2B8 
produced in 400L batch-fed culture produced at least three glycofoims of C2B8. Figure IB depicts the same 

35 C2B8 preparation treated with galactosidase. Figure IC depicts the preparation treated with both p-galactosidase 
and N-acetylglucosaminoddase A single G-2 glycoform pteparation was obtained. 

EXAMPLE m 

Clq bindmg was assessed using the method of Reff et al., (1994) Blood 83:435-45. Briefly, 50|il of 
wil2 cells were mixed wifii various amounts of C2B8 to whidi various amounts of Clq were added. The cells 
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wen washed with Iniflbr sevetal times and the amount of Clq bound was measured using florescently labeled 
anti-Clq antibody. 

Figure 2 depicts the binding of C2B8 to Clq. Both G2 and G-2 preparations bound CI q to a greater 
extent than control samples exhibiting heterogeneous glycoforms. 
5 Cpfuplement dependent cvtotoKicitv : The CDCbioassav of C2B8 samples was perfomied usin^ RHBP 

(RPMI-1640 supplemented with 0.1%BSA,20mMHEFGS(pH 7.2-7.4), 100 lU/ml penicillin and m us/ml 
streptomycin. For the assay. 50 fAoflQ^ cellsAnl cell suspension, 30 (A of various concentrations of C2BS and 
50 mi of a 1/5 rabbit complement or human complement dilution were added to flat-bottomed 96-well tissue 
. culture plates and incubated for 2 h at 37'^C and 5% CO2 to fecilitate complement-mediated cell iysis. Fifty 

1 0 microliters of Alamar blue (undiluted, proprietary formulation of Accumed International) was then added and 
the incubation continued for another 5 h. The plates were allowed to cool to room temperature for 1 0 min on 
a shaker and the fluorescence was read using a 96-well fluoFonieter with exchation at 530 nm and emission at 
590 nm. Results are expressed in relative fluonscenoe units (RFU). RFU weie ploded against C2B8 
concentrations using a 4-patBmeter curve-fitting program (kaleidaGraph) and the sample concentrations were 

15 computed fix>m the standard curve. All C2B8 concentTations shown throughout this report refisr to final 
concentrations in the wells before the addition of Alamar blue (Gazzano-Santoro (1997) J. Immunol. Meth. 
202:163-171). 

Figure 3 depicts the bioactivity of the G2 and G-2 glycofbnn preparation compared with tiie 

heterogenous compoatioa for C2B8 in a rabbit conplement lysis assay. 
20 Example IV 

GALACTOSYI.ATION WITH GALACTOSYLTRANSFERASE: 

The antibody samples (roEC-C2B8, anti-HER2, anti-VEGF, anti-tgE and TNFR-lgQ), 10 mg in 0.5 

ml, were buffer ecchanged into SO mM sodhun cacod|yIate buffer. pH 7.1 (final voL 1.0 mi). 50 nl each of tOO 

mM UDP-Gal and 100 mM MnCl2 were added lo the antibody sohition. The pl,4-galacla8yitransfbrase (bl .4GT; 
25 lyophilizedpowder)wasiecainsthutHlin50mMsodiumcacoc^latebu£forpiH7.1 ataooncenmtioaof tmUAnL 

50 A<] of this solution was added to the reactioii mixture and incubated at 37^C for 48 hr. The reaction was 

stopped by cooling the reaction vial on ice (4'^C) for 10 mm. The gataciosyiated antibody was purified on 

protein A column. 

Example V 

30 FDRIEICATION OF GALACTOSYLATED ANTIBODY ON PROTEIN-A COLUMN: 

The reaction mfadure containing galacto^lated antibody was applied to a Protein A-Scpharose column 
(5 ml). The column was washed wMi at least 5 column volumes of phosphate bufiered saline (pH 7.0) and the 
bound antiboc^ was eluted with 100 mM atric acid, pH 3.0, which was immediately adjusted to pH 6.5 by 
adding 500 mM Tris-HCl buffer pH 8.0. 

35 Analysis of the N-linked oligosaccharides 

Release and Labeling of N-Unked oligosaccharides 

Protein samples (500-1000 were buffer exchanged into 20 mM sodium phosphate buffer containing 
50 mM EDTA and 0.02% (w/v) sodium aade, pH 7.5. using NAP-5 cohmms (Pharmacia). Five to ten units of 
recombinant peptide-N-glycosidase F (Oxford Glyco^stems/Bodiringer Mannheim) was added to the samples 
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and incubated for 15 houra at yj°C. The deglycosylated protein was precipitated by heating at 95''C for 
5 minutes and removed by centrifiigation at 10,000 g for 10 minutes. The supematant containing the released 
oligosaccharides was dried in a centrifugal vacuum evaporator and labeled by the addition of 15 of 1 .9 mM 
solution of 9-aniinopyrene-l,4,6-trisulfonate (APTS, Beckmann) m 15% acetic acid and 5 AiL of 1 M sodium 
5 cyanoborohydride in tetrahydrofijran. The labeling reaction was carried out for 2 hours at SS'C, diluted in water 
(0^ ml) and analyzed by capillaiy electrophoiesis (CE). 

Example VI 

Capillary Electrophoresis Analysis 

CE analysis of the labeled oligosaccharides was performed on a P/ACE 5000 CE system (Beckman) 

1 0 with the polarity reversed, using a coated raqjillary of SO mm internal diameter and 20 cm effective length (eCAP, 
N-CHO coated capillary, Beckmann). The samples were inttoduced by pressure injection at 0.5 psi. for 8 
seconds and electrq>hoTesis was earned out at a constant voltage of 740 V/cm. The temperature of the capillary 
was maintained at lO'C The separations were monitored on-colDmn with a Beckmann laser-induced 
fluorescence detection system using a 3 mW argon-ion laser with an excitation wavelength of 488 mn and 

15 emission bandpass filter at 520 x 10 nm. 
Results 

Figure 4Aand F^;ure 4B depict oligosaccharide analysis of an anti-CD20 monoclonal antibody C2B8 
by capillary electnphoresis with laser-induced fluorescence detection. In Figure 4A C2B8 produced in 400L 
batch-fed culture produced at least three gtycofbmis of C2B8. Figure 4B depicts the same C2B8 preparation 
20 treated with p 1-4 galactosyhransferase acoorc^ the present invention, A single G2 gtycofbtm preparation was 
obtained. 

Figure 5 depicts analysis of an anti-VEGF monoclonal antibody by capillaiy electrophoresis. In Figure 

5 anti-VEGF produced in CHO cell culture produced at least three glycoforms forming a heterogenous 
compo«tion. The same anti-VEGF treated wi& ^-1-4 galactosyhransferase according the present invention 

25 produced a single G2 glycofoim. 

Figure 6 depicts analysis of an anti-IgE monoclonal antibody by capillary electrophoresis. In Figure 

6 anti-IgE produced in CHO cell culture produced at least three glycofoims fbrming a heterogenous 
oligosaccharide population. The same anti-IgE CHO ceil composition treated with p-I-4 galactosyltransferase 
according the present invention produced a single G2 glycoform. 

30 Figure 7 depicts analysis of an anti-HER2 monoclonal antibody by capillary electrophoresis. In Figure 

7 anti-HER2 produced in CHO cell culture produced at least three glycoforms fbrming a heterogenous 
oUgosBccharide popularion. The same anti-HER2 CHO composition treated with p-1-4 galactosyltransferase 
according the present invention produced a single G2 glycofbrm. 

Example V 

35 SODIUM DODECYLSULFATE POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-PAGE) 

Protein samples were dihited to 1 .0 m^L into pbosphate^bufTered saline (PBS). The samples were 
diluted to 0.2 mgAnL for the silver stained gels and to 0.5 n^mL for the immunoUots into sample buffer and 
heated for 3 minutes at 90<^ For reduced samples, the sample buffer contauied 80 mMDTT. Samples (10/^) 
were loaded onto Integrated Separation Systms (ISS) MmiPlus Sepiagels, vritii a 4-20% aciylamide gradient 
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Electrophoresis was perfonned using the ISS Mini 2 gel apparatus at 30 mA per gel for 60 minutes. Novex 
MarkI2 molecular weight standards were used in Ae silver stained gels whereas Ameisham Rainbow molecular 
weight standards were used in the gels prepared for immunoblotting. 
Silver Stain 

5 SDS PAGE gels were incubated overnight in a fbdng solution (40% ethanol, 1 0% acetic acid), washed 

in water and incubated in incubation solution (30% ethanol, 25% ghitaraldehyde, 0^ M sodium acetate, 10 mM 
sodium thiosulfhte). The gels wen washed again and incubated for 40 minutes in silver nitrate solution (6 mM 
silver nitrate, 0.01% fonnaldehydeX washed and developed with two changes of developing solution (0.3 M 
sodium carbonate. 0.01% fbrmaldahyde). The reaction was stopped by incubating for 10 min in stop solution 
10 (40 mM EDTA) and then washed beCore scanning. 

Figure 8 depicts arepresentative SDS polyaciylamide gel analysis of an anti-CD20 monoclonal antibody 
under non-reducing conditions. Lane 1 is molecular weight standards^, Lane 2 is the G2 glycofoim of C2B8; 
Lane 3 is the C2B8 preparation treated with galactosidase to remove galactose residues fiiom the 
oh'gosaccharides; Lane 4 is the CHO derived C2B8 prepuadon treated with FNGase-F for the removal of intact 
15 oligosaccharide; Lane S is the C2B8 antibody fiom CHO production; Lane 6 is the CHO derived C2B8 after 
mcubation at 37 C for 24 hours; lane 7 is the CHO derived C2BS and BSA. The representative gel shows that 
the integrity of the C2B8 molecule remains intact after treatment widi the galactosyltransferase. The G2 
glycofbnn does not disrupt the primary structure of the antibody. 

Figure 9 . depicts the same material described above analyzed polyaciylamide gel electrophoresis 
20 under reducing conditions. The CZB8 heawy and light chains remain intact 
Example VI 

ELECTROTRANSFER AND IMMUNOSTAINING 

After SDS-PAGE, the protein was electrotransferred to nitrocellulose (0.2 m, Scleichcr and Schuell) 
in a NovaBlot Semi-Diy electnotransfer apparams in transfer baffer (39 mM glycine, 48 mM TBIS, 0.04% SDS, 

25 20% methanol) fbr 90 minutes at 10 V. After electrotransfer, the nitrocellulose sheets were blocked in gelatin 
buffer (50 mM TRIS. 150 mM NaCl, 4.3 mM EDTA, 0.05% Triton X-IOO, and 0.25% fish gelatin). The 
immunoblots were probed with an affinity purified goat anti-human IgG (Jackson Laboratories) or goat anti- 
CHOP (IDEC Pharmaceuticals). Following incubation with the primary antisera the nitrocellulose sheets were 
washed with gelatin buffer and then incubated for 90 minutes with a rabbit anti-goat IgG-HRP (Jackson- 

30 Immunoresearch).' The immrnioblots were washed widi gelatin buffer and then FBS/Tween 20. The 
immunoblots were stained with the substrate solution; 3,3'-diaminobenzidme telrahydrochloride dihydrate 
(DAB), as mg/mL. nickel annnonium sulf^ 03 mgAnL; cobalt chkuride, 03 mg/mL in PBS with H2O2. 

Example VII 
CIRCULAR DICHROISM SPECTROSCOPY 

35 The circular dichroic (CD) spectra of GT treated and untreated C2B8 was obtained on an AVIV 60DS 

specliopoiarimeier. Each sample was dialyzed against 25 mM sodium citrate and 150 mM sodium chloride and 
then pipetted into a 0.0I-cm thermostatted citcular cuvette. Each spectnun was the sum of 5 scans from 200 to 
250nin. The spectra were obtained 3120*0. The protein concentration was determined using a a''-'^^ 1. 7 cm' 
' at 280 nm. The mean residue wd^t dlipticily was calculated from 
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where Qobs ellipticity of flie sample, MRW is Ihemean residue weight of the IDEC-C2B8 (108.8), c is the 
sample concentration in mg^mL, and I is the path length of the cell in cm. The content of the secondary structural 
elements, a-helix, p-sheet, and non-ordered structure was calculated using the program CONITN (Provencer and 
5 Glodmer (1981) Biocfaem. 20:33-37; Provencer (1982) Comput. Phys. Commun. 27:229-242). 

Figure lOA and Figure 1 OB depict far and near UV CD spectra of C2B8 antibocfy from CHO cuhise 
and (he 02 glycofoim. As can be concluded from this analysis the G2 glycofotm examined by circular dichroistn 
as an imUcation of secondary stnicture (Provencer and Glodcner (1981), Biochem. 20:33-37) is the same as the 
heterogenous C2BS composition. 
10 Example Vm 

CULTURE OF WIL2.S CELLS: 

The human B-lymphoblastoid cell line WIL2-S was obtamed from the American Type Caltnte 
Collection (ATCC, Rockville, MD). The cells were grown in RPMI- 1640 medium supplemented with 10% heai- 
inactivated (56°C, 30 min) fetal bovine serum, 2 mM glutamine and20 mM HEPES, pH 72. Cells were cultured 
1 5 at 37^C in a humidified 5% COj incubator. 

COMPLEMENT-DEPENDENT CYTOTOXICITY BIOASSAY: 

Ihe CDC bioassay of C2B8 samples was performed using RHBP (RPMI-1640 supplemented with 0. 1% 
BSA, 20 mM HEPES (pH 7.2-7>»). 100 lU/ml penicillm and 100 ngfrnl streptomycin- For the assay, 50 a«I of 
10*^ cells/ml cell suspension, 50 fd of various concentrations of C2B8 and 50 ml of a 1/5 rabbit complement or 
20 human complement dihition were added to fiat-bottomed 96-well tissue culture plates and incubated for 2 h at 
and 5% COj to facilitate complement-mediated cell lysis. Fifty microliters of Alamar blue (undiluted, 
proprietary fimnulation of Accumed International) was then added and tiie hicubation continued for another 5 
h. The plates were allowed to cool to room temperature fbr 1 0 min on a shaker and the fhior«oence was read 
using a 96-well fiuorometer with excitation at 530 nm and emission at 590 nm. Results are expressed in relative 
25 fluorescence units (RFU). RFU were plotted against C2B8 concentrations using a 4-parametcr curve-fitting 
program (kaleidaGraph) and the sample concentrations were computed fro the standard curve. All C2B8 
concentrations shown throughout this report refer to fmal concentrations in the wells before the addhion of 
Alamar blue (Gazzano-Santoro (1997) J. Immunol. Me&L 202:163-171). 

Figure 1 1 depicts the bioactivity of the G2 glycoform preparation compared with the heterogenous 
30 oomposhion fw C2B8 in a rabbh complement lysis assay! 

Figure 12 depicts the correlation of bioactivity and galactose content hi the 02 glycoform. The G2 
glycofonn preparation was at least 1 .5 times more active m this assay than 
thtt produced under ^ical cell culture condidoiis. 
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WHAT IS CLAIMED IS: 

1 . A composition comprising glycoprotein wherein at least one glycoprotein is a glycoprotein 
having at least one CH2 domain and the composition is snbstantially free of the glycoprotein having at least one 
CH2 domain and having an N-Iinked GI, GO, or G-1 oligosaccharide in its CH2 domain. 

2. The composition of claim 1 conipri»ng an antibody glycoprotein. 

3. The composition of claim 2 whenin the antibody glycoprotein is a moooclonal antibody. 

4. nie composition ofdaim 3 wherein the monoclonal antibody is an IgG, 

5. The composition of claim 4 wherein the IgG is human IgGj. 

6. The composition of claim 5 wherein the monoclonal antibody is selected firom the group 
consisting of an anti-CD20 specific monocbnal antibody, an anti-HER2 specific monoclonal antibody, and anti- 
VEGF specific monoclonal antibody, and an anti-IgE specific monoclonal antibody. 

7. Tht composition of claim 6 wherein the monoclonal antibody is an anti-CD20 antibody. 

8. The compoution of claim I comprising an immunoaxihesm glycoprotein. 

9. The composition of claim 8 whoein the immunoadhesin glyocprotem is a tumor necrosis 
fector-immunoglobulin G 1 chimera. 

10. The composition of claim 1 wherein tiie composition is Airther substantially free of a 
glycoprotein having an N-linked G2 oligosaccharide in the CH2 domain. 

1 1 . Ibe oomposhion of claim 1 0 comprising an antibody glycoprotein. 

12. The composition of cbum 1 1 wherein the antibody glycoprotein is a monoclonal ai)tibo<]y. 

13. Hie composition of claim 12 wherein the antibody is an IgG. 

14. Hie composition of dann 13 wherein the IgG is human IgGj. 

15. The composition of claim 14 wherein the monoclonal antibody is selected from the group 
consisting of an antiCD20 specific monoclonal antibody, an aiiti-HER2 specific monoclonal antibody, and anti- 
VEGF specific monoclonal antibody, and an anti-IgB specific monoclonal antihody. 

16. The composition of claim IS wherein the monoclonal antibody is an anti-CD20 antibody. 

17. "Die composition of cltdm 10 wherefai tiie glycoprotein is an immunoadhesin. 

18. The composition of claim 17 \^erein die unmunoadhesin is a tumor necrosis &ctor- 
immunoglobulin Gl chimera. 

19. The composition of claim 10wherdntbeglycoproteini5anantibody->immunoadhesinchimera. 

20. The composhion of claim 1 wherein the composition is further substantially free of the 
glycoprotein having an N-linked G-2 oligosaccharide in tiie CH2 domun. 

21. A metiiod of produdng die compositian of claim 20 comprising tiie steps of reacting ui an 
aqueous buffered solution at a temperature of about 25-40* C; 

a) a metal salt at a concentration of abont 5 mM to about 25 mM; 

b) an activated galactose at a concentration of about 5 mM to about 50 mM; 

c) a galactosyltransferase at a concentration of about I mUnitital to about 100 mUnit/ml; 

d) a substrate glycoprotem; and recovering tiie glycoprotein. 



wo 99/22764 PCT/US98/2192S 

22. The method of claim 21 wherein the metal salt is selected ftom the group consisting of 
Mn2-f-(-, Ca2++, and Ba2-H-. 

23. The method of claim 22 wherein the activated galactose is uridine diphosphate-galactose 
(UDP-galactose). 

S 24. The method of claim 23 wherein the galactosyl transferase is a mammalian p 1-4, galactosyl 

transferase. 

25. The method of claim 24 wherein the reaction temperature is about 37° C, the metal salt is 
Mn2-H- at a concentration of about 5 mM, the UDP-galactDse concentratiott is about 5mM and the p 1-4 
galactosyl transferase concentration is about I mUnit/ml. 
10 26. The method of claim 25 wherefai the glycofHiotein is an antibody. 

27. The method ofclaim 26 wherein the antibody is an IgG. 

28. The mediod ofclaim 27 wherein the IgG is human IgGj. 

of an anti-CI320 specific monoclonal antibody, an anti-HER2 specific monoclonal antibody, and antl-VEGF 
15 specific monoclonal antibody, and an anti-IgE specific monoclona} antibody. 

30. The method of claim 29 wherein the gfycoprotein is an immunoadhesin. 

3 1 . A method for the treatment of a disease state comprising administering to a mammal in need thereof 
a therapeutically effective dose of the composition of claim 1. 

32. A method fbr the treatment of a disease state comprising administering to a mammal in need thereof 
20 a thnapeuticaiiy effective dose of the compo«tion of claim 10. 

33. A method for the meatmcnt of a disease slate coinpi'ismg adnunislermg to amammal in need theieof 
a therapeutically effective dose of the comi»>sitio& of claim 6. 

34. A nieiiiod fbr 11k treatniemofa disease state comprising administeiing to a mammal in need theieof 
a therapeutically effective dose of the compositiott ofclaim 16. 

25 35. A phannaceutical composition comprising the composition of claim I and a phaimacentically 

acceptable carrier. 

36. A phannaceutical composition comprising the composition of claim 10 and a phaimaceutically 
acceptable carrier. 

37. A pharmaceutical composition comprismg the composition of claim 6 and a pharmaceutically 
30 acceptable carrier. 

38. A phannaceutical composition comprisii^ the aunpositian of claim 16 and a phannaceutically 
acceptable carrier. 

39. A pharmaceutical composition comprising the compoation ofclaim 7 and a pttaimaceutically 
acceptable carrier. 

35 40. A pharmaceutical composition comprising Hie oamposition of claim 17 and a phannaceutically 

acceptable carrier. 

41. An article of manufacture, comprising: 
a container; 

a label on said cootainer; and 
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the compositioQ of claim 1 contained within said container. 

42. An article of manii£acture, comprising: 

a container, 

a label on said container; and 
5 the composition of claim 10 contained within said container. 

43. The article of claim 41 wherein the label on the contahier in(Ucates that the composition can 
be used for the treatment of cancer. 

44. Hie article of claim 42 wherein the label on the container indicates that the composition can 
be used for the treatment of cancer. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISAf 219 



Claims Nos.: claim 1 (partially) 



The subject-matter of claim 1 which is defined mainly in terms of 
negative functional features is formulated in such an unclear manner that 
said claim could only be searched partially. In accordance with the 
definition of the invention given in the description , the subject-matter 
of claim 1 as searched has been interpreted as relating to a glycoprotein 
composition whereby at least one glycoprotein is a glycoprotein having at 
least one CH2 domain of the heavy chain inmunoglobulin constant region, 
whereby said CH2 domain is substantially free of N-linked Gl, 60 ir G-1 
oligosaccharide. 
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Therapeutic antibody compositions generally are placed into a container having a sterile access port, 
for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

The route of administration is in accord with known methods, e.g., injection or infusion by intravenous, 
intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial, or intralesional routes, or by sustained- 
5 release systems as noted below. The antibody is administered continuously by infusion or by bolus injection. 

A cancer patient to be treated with an antibody as an antagonist as disclosed herein may also receive 
radiation ther^. Alternatively, or in addition, a cbemotherapeutic agent may be administered to the patient 
Preparation and dosing schedules for such cbemotherapeutic agents may be used according to manufactureis' 
instructions or as determined empirically by the skilled practitioner. Preparation and dosing schedules for such 

10 chemotherapy are also described in Chemotherapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD 
( 1992). The chemotherapeutic agent may precede, or follow administration of the antagonist or may be given 
simultaneously therew ith. For cancer indications, it may be desirable to also administer antibodies against tumor 
associated antigens or against angjogemc &ctots, such as antibodies which bind to HER2 or vascular endothelial 
faem (VEGF). Alternatively, or in addition, one or more cyioldnes may be co-administered to the patient 

15 An effective amount of antibody to be employed theiapeutiCBlly will depend, for example, upon the 

therapeutic objectives, the route of administration, and die condition of the patient Accordingly, it will be 
necessary for the therapist to titer the dos^e and modify the route of administraticn as re<tuired to obtain the 
maxnmmi tiierapeutic effect A typical dosage might range from about 1 |ig/kg to up to 100 rag/kg of patient 
body weight, preferably about 10 )ig/kg to 10 vag/kg. Typically, the clinician will administsr antagonist until 

20 a dosage is reached that achieves the desired effect for treatment of the above mentioned disordeis. For C2B8 
reference is made to International Publication No. WO 94/1 1Q26 and EP B 669836, the disclosures of which are 
specifically incorporated herein by refimnce. 

Routes of administration for the individual or combined therapeutic compositions of the present 
invention include standard routes, such as, for example, indavenous infiision or bolus injection, 

25 The invention flirtfaer provides an article of manufacture and kit containing materials useful for the 

treatment of cancer, for example. The article of manufacture comprises a container with a label Suitable 
containers include, for example, bottles, vials, and test tubes. The containers may be formed firom a variety of 
materials such as glass or plastic. The container holds a composition comprising the glycoprotein preparations 
described herein. The active agent in the compositkm is the particular glycoprotein such as C2B8. The label 

30 on the container indicates that the composition is used for the treatment or prevention of a particular disease m 
disorder, and may also indicate directions for in vivo, such as those described above. 

The kit of the invention comprises tiie container described above and a second container oompdsing 
a buffer. It may fiuther include otiier maierials desirable from a commercial and user stand^inf, including other 
buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. 

35 ThefollowingexamplesareofTeredbywayofillustiationaDdnotbywayoflunilation. The disclosures 

of all citations in the specification arc expressly mcorporated herein ijy reference. 
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EXAMPLES 
EXAMPLE I 

Introduction 

Substantially homogenous glycoprotein preparations are prepared witii reference io the following 
S Examples 
Methods 

The diimetic monockmal aitti-CD20 antibody (IDEOOBS) was produced and purified as described 
previously (Liu et al., (1987) J. Immunol. 139:3521; Maloney et al., (1994) Blood 842457). Other IgG 
molecules such as anti-HER2 (anti-PlSS"^^ Carter et al., (1992) Proc. natl. Acad. Sci. USA 89:4285), anti- 

10 VEGF(Kim et al., (1992) Growth Factors 7:53-64), anti-IgE (Presta et al., (1993) J. Immunol. 151:2623) and 
TNFR-IgG (tumor necrosis factor receptor-IgG; Ashkenaa et al., (199 1 ) Proc. Natl. Acad. Sci. USA 88: 10535) 
were produced by recombinant DNA techniques and »q>ressed m CHO cells. pI,4-gaiactDsyItransfera5es from 
human and bovine sources were from Boehringer Mamdiehn (Indianapolis, IN) and S^a Chemical Co. (St 
Louis, Mo) respecUvely. UDP-Gal was obtained from Boehringer Maimheim (Indianapolis, IN). Penicillin, 

15 str^omydn, glutamine, HEPES, lyophilized rabbit senun and human serum used as the source of complement 
were purchased from GIBCO-BRL (Grand Island. NY). Fetal bovine serum was purchased from Hyclone 
Laboratories (Logan, UT). Bovine seium albmnin (BSA) and Trypan blue were purchased from Sigma Chemical 
Co. (SL Louis, Mo). Alamar blue reagent was from Accumed bitemational (Wesdake; OH). NAP-5 and Protein 
A-SephaiDse columns were purchased from Pharniacia (Sweden). Sodhnn cyanoborohydtide ui tetrahydrafiiian 

20 was from Aldtich Chemical Co. 
1DEC-C2B8 

IDEC-C2BS was fbrnuilated at 10 mg/ml in 25 mM sodium citrate, 150 mM sodhim cfaloride, and 0j07 
mg/mL Fblysoibate 80 at pH 6.5. 

EXAMPLE U 

25 Enzyme digestion procedure: IgG samples (5-10 mg) were buffer-exchanged into 100 mM citrate-ptaospbate 
buffer, pH 5.0, using NAP-5 columns (Pharmacia). p-Galactosidase (40 mUAng protein, Diplococcus 
pneumoniae, Boehringer Mannheim) and N-acetyl-P-D-giucosanunidase (40 mU/mg protein, Diplococcus 
pneumoniae, Boehringer Mannheim or jack bean enzyme from Sigma) were added to 5- 1 0 mg aliquots of protein 
emd incubated at 37»C for 12-24 hrs. The IgG samples were purified on a Protein A column. The purified 

30 protein was subjected to electtospfay ionization mass spectrometry, c^illary electrophoresis for carbohydrate 
analysis. The bioactivity was exammed by CDC bioassay, bindhig assay and Clq bindmg studies. 

Figure 1 A, Figure IB and Figure IC dqiict oligosaccharide analysis of an ami-CD20 monoclonal 
antibody C2B8 by capUlaty electrophoresis with laser-faiduced fluorescence detection. In Figure lA C2B8 
produced in 400L batch-fed culture produced at least three gtycofbims of C2BS. Figure IB depicts the same 

35 C2B8 preparation treated with galactosidasc. Figure IC depicts the preparation treated widi bodi p-galactosidase 
and N-acetylglucosaminosidase A single G-2 glycofbim prqtaration was obtained. 

EXAMPLE III 

Clq Inndit^ was assessed usiqg the method of RefTet al., (1994) Blood 83^135-45. Briefly, 50^(1 of 
wi]2 cells were mixed wiA various amounts of C2B8 to which various amounts of C Iq were added. The cells 

-26- 



wo 99/22764 



PCT/US98/2192S 



were washed with buffer several times and the amount of Clq bound was meaMined using florescently labeled 
anti-Clq antibody. 

Figure 2 depicts the binding of C2BS to Clq. Both G2 and G-2 preparations bound C Iq to a greater 
extent than control samples exhibiting heterogeneous glycoforms. 
5 Complement dependent cytotoxicity : The CDC bioassav of C2B8 samples was performed usinp RHBP 

(RFMI-1640supplementedwitfa0.1%BSA,20mMHEPES(pH 7.2-74). 100 lUAnl penicillin and 100A^g/ml 
streptomycin. For &e assay, SO til of 10^ cells/tnl cell suspension. 50 nl of various comcentnuions of C2B8 and 
SO ml of a 1/5 rabbit complement or human complemeitt dilution wera added to Qat-bottomed 96-well tissue 
culture plates and incubated fbr 2 h at 37^C and 5% CO2 to facilitate completnent-mediatied cell lysis. Fifiy 

10 microliters of Alamar blue (undiluted, proprietary fimnulatiott of Accumed International) was then added and 
the incubation contmued for another 5 h. The plates were allowed to cool to room temperature for 10 min on 
a shaker and the fluorescence was read using a 96-well fluorometer with exdtation at 530 nm and emission at 
590 mn. Results are expressed in relative fluorescence units (RFU). RFU wen plotted against CZB8 
concentrations using a 4-pannneter curve-fittisg program OcalefdaOrapih) and the sample concentrations wei« 

15 computed from the standard curve. All C2BS concentrations shown throughout this rvport refer to final 
concentrations in the wells before the addition of Alamar blue (Gaaaso-Santoro (1997) J. Immunol. Meth. 
202:163-171). 

Figure 3 depicts the bioactivity of the G2 and G-2 glycofom preparation compared witii the 

heterogenous composition for C2B8 m a rabbit complement lysis assay. 
20 Example IV 

GALACrOSYLATION WITH GALACTOSYLTRANSFERASE! 

The antibody samples (IDEC-C2B8, anti-HER2, anti-VEGF, anti-IgE and TNFR-IgG), 10 mg m 0.5 

ml, were buffer exchanged into 50 mM sodium cacodylate buffer, pH 7.1 (final vol. 1.0 ml). SO pleach of 100 

mMUDP-Gal and 1 00 mM MnCl2 were added to the antibody solution. The pl,4-galaclDsyhransieiBse (bMGT; 
25 lyophilized powder) was reconstituted in 50 mM sodium cacodylate buffer pH 7.1 at a concenuatiOD of 1 mU/mL 

SO fd of tiiis solution was added to the reaction mucture and incubated at 37*^C fbr 48 hr. The reaction was 

stopped by cooling the reactiao vial 00 ice (4*^^) for 10 mm. The galactosylated antibocfy was purified on 

protein A column. 

Example V 

30 PURmCATION OF GALACTOSYLATED ANTIBODY ON PROTEIN-A COLUMN: 

The reaction mixture containing galacto^lated antibody was ^lied to a Protein A-Sepharose column 
(S ml). The column was washed with at least 5 column volumes of phosphate buffered saline (pH 7.0) and the 
bound antibody was eluted witii 100 mM dhric acid, pH 3.0, which was immediately adjusted to pH 6.5 by 
adding 500 mM Tris-HCl buffer pH 8.0. 

35 Analysis .ftf.,tbE-MtlillK^d.0lig9?g9charid^ 

Release and Labeling of N-linked oligosaccharides 

Protein samples (500- 1 000 Mg) were buffer exchanged into 20 mM sodium phosphate bof&r containing 
SO mM EDTA and 0.02% (w/v) sodium a^de, pH 7.5, uang NAP-S columns (Phannacia). Five to ten units of 
recombiniut peptide-N-^lycosidase F (Oxfod Glycosystems/Boehringer Mannheim) was added to die samples 
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and incubated for IS hours at 37°C. The deglycosylated protein was precipitated by heating at 95°C for 
S minutes and removed by centrifiigatioii at 1 0,000 g for 1 0 minutes. The supemalant containing the released 
oligosaccharides was dried in a centrifiigal vacuum evaporator and labeled by the addition of 15 a'L of 1 .9 mM 
solution of 9-aminopyrene-l,4,6-trisulfonate (APIS, Beckmann) in 15% acetic acid and 5 //L of 1 M sodium 
5 cyanoborohydiide in tetrahydrofiinin. The labeling reaction was carried out for 2 hours at S5°C, diluted in water 
(0.5 ml) and analyzed by capillary electrophoresis (CE). 

Example VI 

Capillary Electrophoresis Analysis 

CE analysis of the labeled oligosaccharides was pcrfoimed on a P/ACE 5000 CE system (Bedanan) 

1 0 with the polarity reveised, using a coated capillary of 50 mm intemal diameter and 20 cm effective length (eCAP, 
N-CHO coated capillary, Beckmann). The samples wore introduced by pressure injection at 0.5 psi. for S 
seconds and electroi^ioiBas was earned out at a constant voltage of 740 V/cm. The ten:q>erature of the capiQaiy 
was maintafaied at 20°C The separations were monitored on-column with a Beckmann laser-tnduoed 
fluorescence detection system using a 3 mW argon-ion laser with an excitation wavelength of 488 nm and 

15 emission bandpass filter at 520 x 10 nm. 
Results 

Figure 4A and Figure 4B depict oligosaccharide analysis of an anti-CD20 monoclonal antibody C2B8 
by capillary electrophoresis with laser-induced fluorescence detection. In Figure 4A C2BS produced in 400L 
batch-fed culture jsroduced at least three glycofoims of C2B8. Figure 4B depicts the same C2B8 preparation 
20 treated with pl-4 galactosyhransfbrase according the present invention. A single GZ glycofbtm preparation was 
obtained. 

Figure 5 depicts analysis of an anti-VEGF monoclona] antibody by capillaty electrophoresis. In Figure 

5 anti-VEGF produced in CHO cell culnire produced at least three glycofoims forming a heterogenous 
composition. The same anti-VEGF freated with P-1-4 galactosyltransferase according the present invention 

25 produced a single G2 glycofonn. 

Figure 6 depicts analysis of an anti-IgE monoclonal antibody by capillaty etectraphoresis. In Figure 

6 anti-IgE produced in CHO cell culture produced at least three glyoofbnns fanning a heterog^ous 
oligosaccharide population. The same anti-IgE CHO cell composition treated with p-I-4 galactDsyhransferase 
according the present invention produced a suigle G2 glycofonn. 

30 Figure 7 depicts analysis of an anti-HEI?2 monoclonal antibody by capillary electat)phoresis. In Figure 

7 anti-HBR2 produced in OHO cell culture produced at least three glycoforms forming a heterogenous 
oligosaccharide population. The same anti-HER2 CHQ composition treated with p-1-4 galactosyltransferase 
according the present uwention produced a single Q2 glycofinm. 

Example V 

35 SODIUM DODECYLSULFATE POLYACRYLAIWIDE GEL ELECTROPHORESIS (SDS-PAGE) 

Protein samples were diluted to 1 .0 mg/mL into phosphate-buffered saline (PBS). The samples were 
diluted to 0.2 mg/mL for the silver stained gels and to 0.5 mg/mL for the innnunobtots into sample buffer and 
heated for 3 minutes at 90''C. For reduced samples, the sample buffer contained 80 mM DTT. Samples ( 10 ^iL) 
were loaded onto Integrated Separation Systems (ISS) MiniPlus Sepragels, with a 4-20% acrylamkle ^adient. 
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Electrophoresis was perfonned using the ISS Mini 2 gel apparatus at 30 mA per gel for 60 mmutes. Novex 
Maikl2 molecular weight standards were used in the silver stained gels whereas Ameisham Rainbow molecular 
weight standards were used in the gels prepared for inununoblotting. 
Silver Stain 

5 SDS PAGE geis were incubated overnight in a fixing soluti(xi (40% ethanol, 10% ac«ic acid), washed 

in water and incubated in incubation solution (30% ethanol, 25% glutaialdehyde, 0 J M sodium acetate, 10 mM 
sodium thiosulfate). The gels were washed again and incubated for 40 minutes in silver nitrate solution (6 mM 
silver nitrate, 0.01% formaldehyde), washed and developed with two changes of developing solution (0.3 M 
sodium carbonate, 0.01% formaldehyde). The reaction was stopped by incubating for 10 min in stop solutim 

10 (40 mM EDTA) and then washed before scanning. 

Figure 8 depicts a representative SDS polyacrylamide gel analysis of an anti-CD20 monoclonal antibody 
under non-ieducing conditions. Lane 1 is molecular weight standaids. Lane 2 is the G2 glycoform of C2BS; 
Lane 3 is the C2B8 preparation treated widi galactosidase to remove galactose residues finrni the 
oKgosaocharides-, Lane 4 is the CHO derived C2BS piefiaraiian treated with FNGase-F for llie removal of intact 

15 oligosaccharide; Lane 5 is the C2B8 antibody from CHO production; Lane 6 is the CHO derived C2BS after 
incubation at 37 C for 24 hours; lane 7 is the CHO derived C2B8 and BSA. The representative gel shows that 
the integrity of the C2B8 molecule remains intact after treatment with die galactosyltransfeiase. The G2 
glycofonn does not disrupt the primary structure of the antibody. 

Figure 9 .d^icts the same material described above analyzed by polyacrylamide gel elecn-ophoresis 

20 under reducing conditions. Tlie C2B8 heavy and light chains remun mtact. 

Example VI 

ELECTROTRANSFER AND IMMUNOSTAINING 

After SDS-PAGE, the protein was electrotransferred to nitrocellulose (0.2 m, Scleicher and Schuell) 
in a NovaBlot Semi-Diy electioiransfer apparatus in transfer buffer (39 mM glycine, 48 mM TRIS, 0.04% SDS, 

25 20% methaooO for 90 minutes at 10 V. After electrotransfer, the nitrocellulose sheets were blocked in gelatin 
bu£fer (50 mM TRIS, 150 mM NaCl, 43 mM EDTA, 0.05% Triton X-100, and 0.25% fish gelatin). The 
immunoblots were probed wHh an afSnily purified goat anti-human IgG (Jackson LaboiBtories) or goat anti- 
CHOP (IDEC Pharmaceuticals). Following incubation with the primary andsera the nhrooellulose sheets were 
washed with gelatin buffer and then incubated for 90 minutes with a rabbit anti-goat IgO-HRP (Jackson- 

30 Iramunoresearch). The immunoblots were washed with gelatin buffer and then PBS/Tween 20. The 
immunoblots were stained with die substrate solution; 3,3'-diaininoben:udine tetrahydrochloride dihydrate 
(DAB), 0.5 mgftnL, nickel ammonium sulfate, 03 mgAnL; cobalt chkiride, 03 mgAnL in PBS with H2O2. 

Example VU 
CIRCULAR DICHROISM SPECTROSCOPY 

35 The circular dichroic (CD) spectra of GT treated and untreated C2B8 was obtained on an AVIV 60DS 

spectropolartmeter. Each sample was dialyzed against 25 mM sodium citrate and ISO mM sodium chloride and 
then ptpedfid into a 0.0I-cm thermostatted cinnilaf cuvette. Each spectrum was the sum of 5 scans firom 200 to 
250 nm. TTie spectra were obtained at 20°C The protein concentration was d^eimined using a A*'- - 1 .7 cm' 
' at 280 nm. Hie mean residue weight ellipticity was calculated from 
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[QlMRW = Qobs*CMRW10cl 

where Qpj,j is the elliptidty of the sample, MRW is the mean residue weight of the IDEC-C2B8 (1 08.8), c is the 
sample concentration in mg/mL, and 1 is the path length of the cell in cm. Tlie content of the secondary structural 
elements, a-helix, p-sheet, and non-ordered structure was calculated using tiie progtam CONTIN (Provencer and 
5 Glockner(I981) Biochem. 20:33-37; Piovcncer (1982) Comput Phys. Comnnm. 27:229-242). 

Figure IQA and Figure lOB depict far and near UV CD spectra of C2B8 antibody fiom CHO cuhuie 
and the G2 glycofonn. As can be ooacluded &om Has analysis the G2 gEycofbnn examined by circular dichioisni 
as an indication of secondary structure (Provencer and Glockner (1981), Biochem. 20:33-37) is the same as the 
heterogenous C2B8 compoution. 

10 Example VIII 

CULTURE OF WIL3.S CELLS: 

The human B-lymphoblastoid cell line WIL2-S was obtained fiom the American l^pe Cuhute 
Collection (ATCC, Rockville. MD). The cells were grcwn in RFMI-1640 medium supplemented with 1 0% heat- 
inactivated (56''c, 30 min) fetal bovine serum, 2 mM glutamine and 20 mM HEPES, pH 7.2. Cells were cukmed 

15 at 37^0 in a humidified 5% COj incubator. 

COMPLEMENT-DEPENDENT CYTOTOXICITY BIOASSAY; 

The CDC bioassay of C2B8 samples was peifoimed usmg RHBP (RPMI- 1640 supplemented with 0. 1% 
BSA, 20 mM HEPES (pH 7.2-7.4), 100 lU/ml penicillin and 100 iugAnl streptomycin. For the assay, SO ^il of 
10^ cellsAnl cell suspension, SO ptl of various concemratioas of C2BS and SO ml of a 1/5 rabbit complement or 

20 human complement dilution were added to flat-bottomed 96-wen tissue culture plates and incubated for 2 h at 
37*'C and 5% COj to facilitate complement-mediated cell lysis. Fifty microliters of Alamar blue (undiluted, 
proprietary formulation of Accumed International) was tiien added and the incubation continued for another S 
h. The plates were allowed to cool to room temperature for 10 min on a siaJixx and the flunescenoe was read 
uang a 96-well fhiorometer with excitation at 530 imi and emission at 590 rnn. Besuhs are expressed in relative 

25 fluorescence units (KFU). RFU were plotted against C2B8 concentrations using a 4-parameter curve-fittmg 
program (kalddaGxaph) and the sample conceotraitions were computed fro the standard curve. All C2B8 
concentrations shown throughout this report refer to final concentrations in tiie wells before the addition of 
Alamar blue (Gazzano-Santoro (1997) J. Immunol. MeA. 202:163-171). 

Figure 1 1 depicts the bioactivity of tiie G2 glycofbrm preparation compared with the heterogenous 

30 composition for C2B8 in a rabbit complemeiit lysis assay! 

Figure 12 depicts tiie ooireMon of bioactivity and galactose content in the G2 glycofbim. The G2 
glycoform preparation was at least 1.5 times more active in tins assay than 
that produced under typical cell cuhure conditions. 
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WHAT IS CLAIMED IS: 

1 . A composition compdsing glycoprotein wherein at least one glycoprotein is a glycoprotein 
having at least one CH2 domain and the composition is substantially free of the glycoprotdn having at least one 
CH2 domain and having an N-linked GI, GO, or G-1 oligosaccharide in its CH2 domain. 

2. Hie composition of dwra 1 compri«ng an antibody glycoprotein. 

3. The composition of claim 2 wfaerem the antibody glycoprotein is a monoclonal antibody. 

4. The composition of claim 3 wherein the monoclonal antibody is an IgG. 

5. The compoution of claim 4 wherein the IgG is hitman IgG i . 

6. The composition of clum S wherem the monoclonal antibody is selected fam the group 
consisting of an anti'CD20 specific monocionai antibody, an anti-HES2 specific monoclonal antibody, and anti- 
VEGF speciflc monoclonal antibody, and an anti-lgE specific monoclonal antibody. 

7. The composition of claim 6 wherein the monoclonal antibody is an anti-CD20 antibody. 

8. The composition of claim 1 comprising an fanmunoadhesin glycoprotein. 

9. The compositim of claim 8 wherein the inununoadhesin glycoprotein is a tumor necrosis 
fector-immunoglobulin Gl chimera. 

10. The composition of claim 1 wherein the composition is further substantially free of a 
glycoprotein having an N-linJced G2 oligosaccharide in the CH2 domain. 

1 1 . The composition of claim 10 comprising an antibody glycoprotein. 

12. The composition of claim 1 1 wherein the antibody glycoprotein is a monoclonal antibody. 

13. Hw compoation of claim 12 wherein the antibody is an IgG. 

14. The composition of claim 13 wherein the IgG Is hmnan IgG|. 

15. The composition of claim 14 wherem the monoclonal antibody is selected from the group 
consisting of an anti-CD20 speci^c monoclonal antibody, an anti-HER2 specific monoclonal antibody, and anti- 
VEGF specific monoclonal antibody, and an anti-lgE specific monoclonal antibody. 

16. The composition of claim 15 wherein the mooockmal antibody is an aniti-CI>20 antibody. 

17. The composition of claim 1 0 wherein the glycoprotein is an immunoadhesin. 

18. The composition of claim 17 wherein the immunoadhesin is a tumor necrosis factotv 
intmunogbbulin GI chimera. 

1 9. The composition of claim 10 wherein tiie giycoprot^ is an antibody-immunoadbesin chimera. 

20. The composition of claim 1 wherein the composition is further substantially free of the 
gtycoptotBin having an N-linked G-2 oligosaccharide in the CH2 domain. 

21. A method of producing the composition of 20 comprising the steps of reacting in an 
aqueous buffered solution at a temperature of about 25-40' C; 

a) a metal salt at a concentration of about 5 mM to about 23 mM; 

b) an activated galactose at a concentration of about 5 mM to about 50 mM; 

c) a galactosyltiansferase at a concentration of about 1 mUnit/ml to about 100 mUnitAnl; 

d) a substrate glycoprotein; and recoverii^ the giycoiprotein. 
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22. The method of claim 21 wherein the metal salt is selected from the group consisdng of 
Mn2-H-. Ca2++, and Ba2-H-. 

23. The method of claim 22 wherein fte activated galactose is uridine diphosphate-galactose 
(UDP-galactose). 

24. The method of claim 23 wherein the galactosyl transferase is a mammalian pi-4, galactosyl 



25. The method of claim 24 wherein the reaction temperature is about 37° C, the metal salt is 
MnZ++ at a concentratiao of about S mM, the UDP-galactose oancentration is about SmM and the p 1-4 
galactosyl transferase concentration is about 1 mUnibM. 
10 26. The method of claim 25 wherein the glycoprotefai is an antibotfy. 

27. The method of claim 26 wherein the antibody is an Ig^. 

2S. The method of clahn 27 wherein the IgG is human IgO]. 

29. TIw method of cUdm 28 wherein the monoclonal antibody is selected fiom the groiq) consistihg 
of an anti-CD20 specific monoclonal antibody, an and-HER2 specific monoclonal antibody, and anti-VEGF 

1 5 specific monoclonal antibody, and an anti-IgE specific monoclonal antibody. 

30. The meftod of claim 29 wherein the glycoprotein is an immunoadhesin. 

3 1 . A method fbr the treatment of a disease slate oomptising administering to a mammal in need thereof 
a therapeutically effective dose of the composition of claim 1. 

32. A method for the treatment of a disease state comprising administeimg to a mammal in need thereof 
20 a tfaerapeaiticatly effective dose ofthe composition of claim 10. 

33. A method far the feeabnent of a disease state comprising administering to a mammal in need thereof 
a therapeutically effective dose of the composition of claim 6. 

34. A method for Ihe treatment of a disease state comprising administering to a mammal in need thereof 
a thet^eudcally effective dose of the composition of ckum 16. 

25 3S. A pharmaceutical oompositian comprising the composition of claim 1 and a phaimaceutically 



36. A pharmaceutical composition comprising the composition of claim 10 and a phannaceutically 
acceptable earner. 

37. A pharmaceutical composition comprising the composition of claim 6 and a phannaceutically 
acceptable carrier, 

38. A (diarmaceutical composition comprising the composition of claim 16 and a phannaceutically 



39. A pharmaceutical composition comprising the composition of dum 7 and a phannaceutically 

acceptable carrier. 

40. A pharmaceutical composition comprising the composition of claim 17 and apfaarmaceuticalty 

acceptable carrier. 

4 1. An article of manu&cture, comprising: 
a container; 

a label on said container; and 
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the composition of claim 1 contained witliin said container. 

42. An aiticte of tnanufacture, comprising: 
a container, 

a label on said container; and 

the composition of claim 10 contained within said container. 

43. The article of claim 41 vdierein the label on the container indicates that the coinposition can 
be used for the treatment of cancer. 

44. Tbe aiticb of claim 42 wherein the label on the cootainer indicates that the composition can 
be used for the inatment of cancer. 
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Box > Observation. v.h>re certain claims werelound un»earehabl# (ConHnuaten of Itm 1 of 1ir.t «h-t) 



Dh Fteport iiBB nrit been established in respect of certain claims under Aifioto 17(S!>Ca) for the following re 
^ ^ul^^ relate to subfeot matter not wquired to be searehed by this Authority, namely: 



nHaaimsNos- Claim 1 (partially) 

' bM«^mw r»late to part, of the Intemafionai Appliealion that do net complywlh the preseribed reqMnments to such 
an extent that no mesningliil International Search oan be carried out, specilioaiy: 

see FURTHER INFORMATION sheet PCT/ISA/210 



hey are dependant claims and ore not drafted in eoeoidanoe with the second and third sentences of Rule 6.4(aj. 



whm uAHy ol Invontion Is lacking (Contfnualion of Ham 2 ofllr«t«h— t) 



™»lntemallonalSear<*Ing AiilhoiityloundmultipU.inv«ilionBinthi.ini.n^^ applloaUon, asfolkiw*: 

t I 1 AsBllrequired«dWionalaearch<eetwer»1imBlypaldbylheapplioant,thlslnternalionalSeafchFte^ 

I 1 searchable claims. 

2. 1 I A»allsesrohahleelaimsoouldbesearehodwllhoi*telfortiu»tMyinganaddaionalfM.thisAu»^ 
' — ' ofanyaddUtonalfee. 

3. r~| ABorty«>meoflhe»qu!r«dadditional8aarchfeeBwe«tiiiielypaidljflh.appli<a«il.thtal«^ 
I — I eoveis oi^y those claims far which foes were pald.speeiliealyclalmaMoa.: 

4. n rto,equiredadditional«iarohteaaweratln»lypaidhythe«p|ifc^ 

' — ' reslrided to the Inwenlion first mentioned in the claims,- It is covered by claims ftos.: 
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FURTHER INFORMATION OONHNUED FROM PCTyiSA/ 213 



Claims Nos.: claim 1 (partially) 



The subject-matter of claim 1 which is defined mainly in terms of 
negative functional features is formulated in such an unclear manner that 
said claim could only be searched partially. In accordance with the 
definition of the invention given in the description , the subject-matter 
of claim 1 as searched has been interpreted as relating to a glycoprotein 
composition vrtiereby at least one glycoprotein is a glycoprotein having at 
least one CH2 domain of the heavy chain inmunoglobulin constant region, 
whereby said CH2 domain is substantially free of N-1 inked 61, fiO ir G-1 
oligosaccharide. 



